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THE PROBLEM OF ADAPTATION AS ILLUSTRATED BY 
THE FUR SEALS OF THE PRIBILOF ISLANDS. 


By GEORGE #. PARKER. 
(Read April 23,1975.) 


The breeding habits of the Alaskan fur seals are <o unusual a8 
to make. these animals unique among mammals. During much of 
the year, these seals are strictly pelagic roaming over the eastern 
expanse of the northern Pacific as far southward as the latitude of 
southern California. As sununer approaches, practically the whole 
_ herd consisting of several himdreds of thousands of individuals re- 
pairs to the two small islands of St. George and St. Paul in Bering 
Sea for the breeding season. It is the relative proportions of the 
various constituents of the herd during this breeding period that 
affords material for interesting speculation. 

The movements of the fur seals in their arrival-and departure 
from the Pribilof Islands take place with much regularity. [arly 
m May and Jiine the mature males or bulls, having made their wiy 
through the passes of the Aleutians, reach the breeding beaches or 
roakeries on the islands of St. George and St. Paul. Here they 
take their positions, fighting all intruders while they await the com- 
ing of the females or cows. The cows arrive on the islanils chictly 
during “June and July. They associate themselves with particular 
bulls and the bull with his group Of cows constitutes the family unit 
or harem. In 1914 the average harem was not far from one bull 
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to sixty cows, anid the range extended from harems containing one 
cow to some that contained over a hundred, Because of the many 
years of commercial killing, chiefly directed against the males, it is 
impossible to state what the size of the normal average harem should 
be, but probably not far from ene bull to thirty or forty cows. 

Within a short time after the arrival of the cow, in the harem, 
, ¢., within a few days or a week or so, she gives birth to a single 
young or pup. So far as is known, cows do not produce more than 
one pup at atime. Shortly after the birth of her pup, the cow goes 
into heat, pairs with the bull, and becomes pregnant again. As 
these are annnal occurrences, the period of gestation in the fur seal 
must be a few days less than a year. The pups are born males and 
females in about equal numbers, The counts of former years, as 
well as those of 1914, show a slight predominance of males, the 
excesa being trom a little over two per cent. to about seven per cent. 
of the total births. 

The breeding season closes toward the end of July or carly in 
August: and this close is marked by the disintegration of the harems. 
During August most of the bulls begin their migrations hack to the 
Pacific, and the pups, which heretofore have remained on the 
heaches, begin to take to the sea. They and the cows stay about 
the islands till November, when they too start on their migration to 
the open ocean. The only important constituent of the herd that 
has not yet bees mentioned isthe class known as the bachelors, ¢. i, 
the young males that have not yet attained to breeding. The bache- 
lors move with the cows, arriving for the most part in June and 
July, and departing in November, though some are found on the 
islands in December or even later. The bachelors do not mingle on 
the beaches with the rest of the herd, but gather to one side of the 
breeding grounds proper in the so-called bachelors hauling grounds, 
where they lead an idle rollicking existence suggested by their nume. 

The maximum age of the fur seal is believed to be about twelve 
to fourteen years for both males and females. In the migration, 
the males return to the islands approximately in the sequence of 
their ages; the old bulls arrive first in May and June followed by 
the younger bulls and bachelors and lastly by the yearling males, 
which arrive in the latter part of July and in August, The year- 
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ling males on arrival associate with the pups and cows rather than 
with the other bachelors. The bachelors may begin breeding at 
five years of age or even four, but they do not normally undertake 
this function until they are six or seven vears old, when they desert 
the bachelors’ hauling grounds for the breeding rookeries. The 
period of their normal breeding life covers, therefore, a term of 
perhaps some seven years or more, 

It is not impossible that the yearling females do not return to 
the tslands or, if they do, it is probable that they do so only m small 
numbers aril late in the season, The two-year-old females return 
to the islands in. July and August as virgin females, pair with the 
youriger bulls, and reappear a year later, the end of their third year, 
with their first pup. From that time on they enter into the regular 
breeding of the herd and continue in all probability to produce one 
pup annually. Their breeding life, therefore, extends over some 
ten Or more years. 

These in brief are the main facts concerning the breeding habits 
of the Alaskan fur seal, an animal that exhibits one of the most re- 
markable examples of concentrated and localized breeding known. 
When it is recalled that these seals range over thousands of miles 
in the northern Pacific and that all sexually active members of the 
species: without exception congregate in the appropriate season on 
the two small islands of St. George and St. Paul for breeding, the 
very exceptional nature of their reproductive activities must be 
evident. | 

The proportion of the two sexes at birth is very nearly equal, 
yet when the breeding age has been reached, the natural relations 
are not far fram one male to thirty or forty females. As there is 
no reason to suppose that the death rate is higher in males than in 
females and as the length of the breeding life of the two sexes is 
not very different, about seven years for the lulls and about ten for 
the cows, it follows from the sexual proportions already mentioned, 
that we should expect an excess of bulls ta he present. As a matter 
of fact, such ia the case, for even in 1914, after the excessive com- 
mercial killing of males in the past, the so-called idle bulls were 
much m evidence. It thus appears that the Alaskan fur seal pro- 
duces at birth approximately equal numbers of males and females 
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and yet in tts breeding activities needs only relatively few males, a 
condition which when viewed as a whole seems to be a ttisailjust- 
ment rather than a close adaptation to the actual needs of the species. 
The measure of this misadjustment would be the proportion of idle 
bulls naturally present. Unfortunately, the commercial activities 
of the past in exploiting the herd for its fur prevent the possibility 
of accurate statement on this point, but the presence of idle bulls 
in the herd today: is enough to show that this class under natural 
conditions avoulll Le abundantly represented. 

The fur seal, however, is not the only one of the higher animals 
to show this misadjustment in the ratio of males to females, A 
prosaic example of the same kind jg seen in the barn-yard fowl. 
Here the sexes hatch in nearly equal. numbers, there being perhaps 
a slight predlaminance of females, but in maturity the cock holds 
sway over a flock of hens. This condition is almost exactly parallel 
with that of the fur seal except that it occurs under domestication, 
Nevertheless it has probably been inherited from the wild stock, for 
Finn states that though the red jungle fowl will live quite happily 
with a single hen, this is not universal and hatems are often found. 
The bull of the American elk or wapiti, as my friend Dr. J. C. 
Phillips tells me, also forms, during the breeding season, a harem of 
cows. from which he will drive away other bulls of his own kind, 
much as the fur seals do, Dr, Phillips further informs me that 
there are aniong the higher vertebrates many other instance of that 
particular form of polygamy in which one male during the breeding 
season naturally associates with many’females, Such examples are 
found among some of the larger antelopes, wild sheep, and wild 
goats, and among certain birds such as the lilack grouse, capercaillie, 
and wild turkey. Although in these several species; the propor- 
tions of sexes ot birth, so far as 1 am awaré, are not definitely 
known, they probably follow the rule of approximate equality so 
connmon among many of the other higher antmals and thus in reality 
liustrate much the same condition as that-seet in the Alaskan fur 

Among the lower animals, particularly the insects, exceptional 
ratios in the sexes have long been known, the classic example of 
the honey bee being the most commenly quoted, Here a few 
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males, the drones, are set off against one perfect female, the queen, 
and a host of imperfect ones, the workers. These cases differ from 
those In the higher animals, however, in that the sex ratios appro- 
priate for the breeding colony are determined from the beginning, 
i. ¢. the young: are not produced males and females in equal oum- 
bers. Stich cases-as the honey bee and other like insects exhibit, 
therefore, in their sex ratios much more accurate adjustments Lo 
their breeding requirements than do the higher animals; in fact they 
may be said to show a very high order of intracolonial sex adap- 
tation. | 

“Throvghout the animal Kingdom as a whole sexual reproduction 
seems to he best adjusted where the sexes are represented mn ap- 
proximately equal numbers and this relation is probably determmed 
by the production of equal numbers of male-determining and female- 
determining sexual elements. The sperm cells of most species of 
animals, perhaps of all, are apparently the prime factors in this de- 
termination, and the dimorphism of these cells in the sense that one 
class is made up of male-determiners and the other of female-de- 
terminers as well as the proiluction of these two classes in equal 
numbers may be looked: upon as the chief adaptation of the animal 
kingdom so far as sex ratios are concerned. But the reproductive 
activities of a limited number of anumals, such as the honey bee and 
the fur séal, have developed in directions in which equal numbers 
of the two sexes serve no longer asan advantageous combination. 
To meet these new conditions, further adaptation would he needed 
and, from what has been satd, this adaptation would involve read- 
justments in the powers of the cex-determining reproductive cells. 
Such readjustments seem to have been carried out in the insects as 
seen in the honey bee, etc:, where through the development of nat- 
ural partheriogenests the usual sex ratio has been entirely set aside 
and # new one favorable to the new requirements hina been estab- 
lished. This has not been accomplished by the fur seals and other 
higher animils which in this respect remain poorly adapted to ther 
new relations, From this standpoint, then, such lower animals as the 
insects show a higher order of adaptation than either the marmunils: 
or the birds. An explanation of this paradox may be found in 
the fact that the rate at which generation follows generation in in- 
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sects Is tnormous compared with that in-the higher animals and 
further that geologically speaking the insects are much older than 
the mammals or birds, Hence they have had a much greater op- 
portunity to adapt themselves to their conditions than has fallen to 
the lot of the higher animals. Tf the maladjustments of the sex 
ratios as exhibited by the fur seals and other higher animals are to 
be interpreted in the way indicated, it is clear that the evolutionary 
processes by which adaptation is brought about must often be slow 
and imperfect with the result that adaptation itself is better de- 
scribed, in the words of Bateson, as a poor fit than in the extravagant 
terms of culogy with which many of the older writers clothed it. 
Hagvarn Unxiresity, 
April 2%, 1978. 


THE LARGE FRUITED AMERICAN OAKS. 
By WILLIAM TRELEASE, ScD. LLD. 
Pratss T-I1l. 

(Read April 27, 1015.) 


When Alphonse de Candolle monographed the oaks of the 
world something over a generation ago,’ he distinguished with a 
varietal name a form of our common white oak with small acorns 
some 8 X14 -mm., which Engelmann had sent him—the usual Fruit 
of Overcus olba measuring about 1418 mm. Those who have 
examined numerous specimens of our common red oak, QO. rubra, 
and its double, Q. Schneckii, have noted that they occur in forms 
varying in diameter of the acorn from about 10 to about 20 mm. 
The assemblage of forms clustering about the Californian Q. chry- 
solepis, the oldest of our existing types of oak, geologically, also 
show a comparable or even greater difference in the size of the fruit 
of what are otherwise held to be mere variants of a single species; 
and the polymorphic Q, dimosa presents a similar if less extended 
range of fruit size+ 

The most surprising of our species in this respect is the bur oak, 
which joins to its great range in size a difference in fruit which 18 
even more Startling; for while the usual diameter of the acorns of 
this species is somewhere about 25 mm., and of the cup five or ten 
millitueters more, the acorns frequently measure 4o mm. m diameter 
with a cup fully 50 mm. across on the one hand, while on the other 
hand they may scarcely reach a diameter of 10 mm. Perhaps no 
oak presents 60 great a range of cup characters as this species does.* 
While the round or ovoid scaly-fringed form covering the acorn 
nearly or quite to its top is taken as the most typical and has given 
to the treeits common name of mossy or overcup oak, it is not wn- 

t Quercus alba microcarpa A. de Candolle, Prodromus, 167 22. 1864 

On these consult Sargent, Silva, vol. & 
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common to find a broad saucer-shape assumed with the fringe oi 
slender scales either seemingly absent, because closely inflexed beside 
the acorn, or extended in its development over 4 considerable part of 
the outside of the cup; and it is even possible, as Professor Pieters 
has recently shown: me by material collected about Ann Arhor, for 
the cup of the smaller type of fruit to be shallow and thin as in 
the post oak, and either delicately ciliate at top or entirely without 
a iringe even an a single tree. 

Even the largest acorns produced by these or our other familiar 
oaks seem small when compared with those of some tropical species 
of Querews, or of the related genus Pesan. On our own conti- 
nent, where the true osks extend from the far north into the high 
Andes of Colombia, these large-frnited species. are of both the red— 
and white-oak groups—the former in Guatemala-and Chiapas, and 
the latter in the last-named state of Mexico and along the flanks 
of the eastern Sierre Madre range above Vera Cruz. In contrast 
with these, which may reach a diameter of 50 or even 60 mm, the 
smallest acorns, also Guatemalan and Mexican, and of the group 
of red oaks, scarcely measure 5 mm. in diameter? 

Some two years ago, while looking over a series of type phote- 
graphs that I had male in the course of a systematic revision of 
the oaks of tropical America, Mr. Walter Swingle, of the National 
Department of Agriculture, expressed considerable mterest in some 
of the east-Mexican large-frnited white oaks as affording a hope- 
ful field for experimentation both in direct propagation and hybrid- 
ization, with reference to our own tropical and subtropical regions, 
and Mr. David Fairchild, of the same povernment department, con- 
sidered the matter of sufficient interest to unilertake inmportations 
through the interest of Dr. C. A. Purpus, whose collections in the 
southern republic have done mich Of recent years to make its 
vegetable wealth known, The purpose of the present commutnica- 

© Quercus porvigiong n. nom—Q. micre¢arfo Liehbmann, Overs. Dansk. 
Vidernak, Selak. Fortamdl. 18g4: t84—Lichimann-Ocrsted, Cheses Amer, Trop 
26. pl. 6—Not @. microcarpa Lapeyrouse, Hist. Abr; PL Pyren. s82 1813. 
Equally small are the racemed acoms of an as yet unpubliahed group of west- 


anil seuth-Mexican species of the red oaks; and the eadt-Mexican white oak. 
C). giobrerceny, possesses an equally small-frujted variety. 
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tion is to give a connected account of these large-fruited species, 
because of this popular interest that they possess. 

The first of the large-fruited tropical American species:to be 
made known (© Quercus Skinners collected by Hartwegz at Quezalte- 
nango, Guatemala, which Bentham noted and illustrated in 1841 
and destribed the following year. ‘Skinner's oak ts a large tree 
with long-petioled, ovate, acute, rather blumt-based aristately toothed 
glabrous leaves about 5 % 9 cm., producing solitary or paired short- 
stalked fruit resembling that of our common red oak but on a much 
larger scale, the shallow cup 30 mim. in diameter and the short- 
ovoid acorn of about that length: It is a red oak with the usual 
characters of upicil abortive ovules and tomentose interior of the 
shell, but the latter is thicker than usunl and with the septa intrnded 
into the kernel so as to make the fatter somewhat three-lobed. Of 
recent years Q. Skinneri has heen collected only by Cool and Griggs, 
at the Finca Sepacuite, Guatemala, A similar, if not the same, red 
oak. but with larger diller winter lmils and lance-elliptical leaves as 
mich as 20 cm. Jong, was. collected at Chinantls, in the Mexican 
State of Oaxaca, by Liebmann in the fall of 1842, but of it nothing 
élse is known: as with Furcroa fongave, the species seems to range 
exterisively throngh the Cordillera. 

Closely related to Skinner's: oak ts a species recently collected by 
Dr. Purpus in the Mexican state of Chiapas, the similar acorns of 
which may reach a diameter of over 35 mum, their very shallow ctips, 
with thickeried scales, sometinies measuring 45 mim. across, This, 
which differs markedly from Quercus Skinnert in having acutely 
lanceolate very short-stalked leaves about 5 >< 12 cm, may be called 
O. chiapasensis® Like the other oaks here under consideration, tt 
appears to become a tree of very large size, 

The year following the full description of Quercus Skinners, the 
Belgian botanists Martens and Galeotti described under the name 

*Quercur Skinaeri Bentham, Gard. Chron. 2aqr: 16. 7.; I'l Hartweg: 00, 
1842,—Hooker, Teonts Plant. 9. pl. yo2.—Lichbmann-Oersted, fc. pl 8, 3 

© Omercus chiapasensis n. sp. Arbor grandis: foliis brevipetinlatis, arutis, 
lanceolati«, oristate-dentatis; frictu magna; cupula plana, glabra, crassa; 
glande setnigioboaa, a5 mm. iiametro, QO. Shinneri affinis. 
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O. insignis what must be regarded as most notable im its gentts be- 
equse of the enormous heipht of the trees and the production of 


acbtns occasionally fully 60 mm. in diameter and thus out of com- 


parison with those of any black oaks and even with those of such 


Asiatic Pasanias as FP: cormea. Quercus insignis; which occurs: 
along the upper flanks of Mount Orizaba in eastern Mexico, is a. 


white-oak, with the interior of the acorn shell not woolly, and with 
deeply interal ovules. Its short-petioled elliptical-oblanceolate 
more or less acuminate leaves are sharply low-serrate but without 
bristle-like tips to the teeth, and measure § >< to cm. or more, The 
fruit, which matures the first season, as seems to be true of all 
white oaks, is typically biscuit-shaped and about one-fourth shorter 
than thick, and the rather shallow cup, which may reach So mm. in 
diameter, is covered with coarse heavy loosely ascending scales. 

Martens and Galeotti do not appear to have seen more than one 
form in the oaks of this kind; but the type collection of Galeotti 
as represented in the museum at Budapest contains acorns of 
two sorts, one depressed, and the other acuminately conical and 
alout as long as thick, At about the same time that Galeotti’s col- 
lections. were made, the Danish botanist Liebmann collected in the 
same general region materials of an oak similar to Q. irisigmis but 
differing in bearing subconical acorns about as long as broad and 
with more turbinate cups. This was published by its discoverer 
in 1854 under the name Q. strombocarpa." Subsequently when a 
series of exquisite drawings of Mexican oaks prepared onder Lieb- 
mann's direction were published by Oersted, the latter added a 
plate of a very similar form, which he called Q. insignis strombo- 
corpoides” It is hard to see how the Intter can be distinguished 
from ©. strombocarpa, and the Galeotti collection shows that, dif- 
ferent as the fruit extremes are, the discoverer of OQ. insignis did 
not separate from its typieal form the conical-fruited form to which 
apparently both of the later names refer, 


© Quercus insignic Martens and Galeotti, Bull Acad. Brox, 207; 219, - Raa: 


—Lichmann-Oersted, Lc pl. K, 29. 

' Quercus strombocarpa Lichmann, Overt. Dansk. Vidensk. Selek. For- 
hamil, 1854: 176.—Lichmann-Oerated, |. ¢ a4. pl, 27,—Dersted, Bidrag Konilek 
Egefamilien. 346. 7. 2. 

®Q. insignis steombocarpoider Lickhrmann-Oersted, Loc pl, af. 


| 
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Wishing materials that should throw light on this question, I 
turtied in 1912 to my amiable correspondent, Dr. Purpus, who was 
then in eastern Mexico: but before my letter reached him, Dr. 
Purpus had gone into southern Mexico. The result of my appeal, 
therefore, was not further specimens of Ouercus insignis, but col- 
lections of an eqtully large and almost equally large-fmmted white 
oak which appears to be characteristic of the Chiapas region. With 
somewhat similar but more deeply toothed leaves about 7 * 20 cm, 
equally short-petioled, this conibines a stoutly stalked turbinate 
cup as much as 60 mm. in diameter, the scales of which are barely 
if at all free at tip with their bases connate m zones; and the 
ovoid pointed acorn meastires 40-50 % 50-60 mim. Though closely 
related to Q, insignis, this species is so distinct in its collective char- 
acters as to stand as the type of a separable group of white oaks, 
and it has been called O. eyelohalanoides* because ot its very peculiar 
cUpeMmarkings, 

EXPLANATION OF PLATES, 

(All figures are of natural size.) 

Prare I. 

 Qierexr macrocarpa. Above, three acorns from a very amall-fruited 
Michigan tree (Pieters), partly with and partly without fringe to the 
cup, and a single fruit of the largest and " mossiest” type from Milinots 
(ddome)}. Below, two of the more typical acorns of different. cupdepth, and 
a cup showing a not infrequent inrolling of the inner acales, aldo fromm 
Minnie (Adame). 

Above. two cups and three acorns of the large-iruited Mexican 
red oak, Qtrrens chiafoyeusis (Purpus), Below, basal and side view of 
two acorns of the large-fruited Chinese oak, Posawta corwen (aiter pho- 
tographe by Fairchild), 

Pare. OF 

Above, two fruits of the Mexican ring-scaled white oak. (luercs cyelo~ 
halanoides (Chiapas, Purpas), Below, a fruit of the great-acorned Mexican 
white oak, Quercus ingignis (HMuatusco, Purpat). 

Tae Usivensery of [LLmars, 

Mirch 8) 1015. 

* Quercus eyelobilansides a, sy. Arbor grandis: foliis hrevipetiolatis, 
acutis, oblanceslatis, mucronato-dentatis: fructr magma; cupula turbinats, 
luteo-tomentos, pluriannulata; glande cllipsoidea, sub 30 tm. diametra. 
Quercus Insignes valde affinis, eed sectio distineta, Cyclobalanoides:, constitu- 
ens.—{), inaignis Journal of Hereility, 5; 407. f. 12 1otg—not Martens and 
Galleatti, . «. 














THE SWEDES, GOVERNOR PRINTZ AND THE 
BEGINNING OF PENNSYLVANIA, 


Br THOMAS WILLING BALCH. 
(Read Morch 4; rors) 


Of the original thirteen States, those south of the Middle States 
as well as those known under the collective name of New England, 
were settled by men and women of English race. New York, New 
Jeracy and Delaware were first settled by Hollanders, The whole 
area of the Dutch settlements was known as New Netherland, and 
the chief city of the Hollanders in the pew world was called An 
sterdam in New Netherland, though historians afterwards thought 
fit to change the name into New Amsterdam,’ doubtless because 
the English had renamed the town New York. The settlements in 
the valley of the Hudson and in what is now New Jersey passed! 
by conquest into the hands of the English. The Dutch settlement 
in Delaware was destroyed after six months by the Indians: “Sub 
serjuentiy, the Swedes took over the inchoate title of the Dittch to 
presentalay Delaware. The Swedes later lost Delaware to the 
Dutch by conquest, who in their turn were afterwards conquered 
by the English. 

No European Power, however, occupied and took possession of 
What today constitutes the Commanwealth of Pennsylvania, until 
Lieutenant-Colonel John Printz, who was the fourth Governor of 
New Sweden, moved up from Delaware to Grent Tinicum Island 
and there established, in. 1643, his seat of government, the first 
capital placed in the territory of the present State of Pennsylvania, 
He thereby. became the first governor of the territory now known 
as Pennsylvania, 

That Sweden was the first European nation to possess itself of 
what is present-day Pennsylvania was supported by the International 

11 have to thank Mr. Robert H Kelhy, the lerned 
York Historical Society, for this information. 
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Law of the seventeenth century, Towards the end of the sixteenth 
century there grew up as a tule of international law that, in order 
that o member of the family of nations could clami‘as its own a 
tiewly discovered and virgin land, it was necessary for that nation 
to actually occupy and possess that virgin land, The act of merely 
discovering and cliristening such an-unoccupied land did not give 
the right of possession, The act of possession must bean actual 
oceupsincy through the establishment of forts and setdlements m 
that land. Queen Elizabeth enunciated this principle clearly in 
1580 in a notable answer she made at her court to the Spanish Am- 
hassador, Mendoza? It was thus recognized by England through 
the lips of her sovereign, a sovereign who well knew how to main- 
tain the dignity and interests of her realm abroad. That rule be- 
caine more and more recognized both by the publicists in their 
writings and by the nations in their acts, and has remained a rule of 
international law until the present day. 

The sovereignty of Sweden over the land now known as Penn- 
sylvanta passed later by conquest to the States General of the United 
Netherlands, and subsequently again by conquest to the British 
crown, by whom it was afterwards granted to William Penn, 

The fact that the sovereignty of Pennsylvania, alone of the ong- 
inal thirteen, gocs back to Sweden for its beginning and that Printz 
was the first in the line of its governors, is known to only a very few, 
It would seem well then, that proper monuments to Printz arid his 
Swedish settlement should le erected, so that future generations 
may know of the beginning of this province and state. And no 
plice would seem more appropriate than the ancient hall of this 
vencrible society of learning. the oldest existing society of learning 
not only within the bounds of Pennsylvania but also in all of the 
new world as well, to suggest that, first a bronze tablet should be 
erected in memory of Governor Printz and his capital called Nya 
Giteborz on Great Tinicum Island; and second, a bronze statue of 
Governor Printz, either of life or heroic size, should be placed at 
some conspicuous place in the city of Philadelphia. 

2Camden's “Annals,” 1580; sce translation in Sir Travers Twiss's 
“ Oregon Queation.” 


GENERAL RESULTS OF THE WORK IN ATMOSPHERIC 
ELECTRICITY ABOARD THE CARNEGIE, 1909-1914. 


By L. A. BAUER. 
(Read April 2y, rors) 


Notable progress, it 1s believed, has been achieved by the de 
partment of terrestrial magnetism of the Carnegie Institution of 
Washington during the past year in the perfection of the inatru- 
mental appliances for observations im atmospheric electricity. In 
various articles by Drs. Swann and Hewlett, which have appeared 
in the Journal of Terrestrial Maynetion and Atmospheric Elec- 
fricity, 1913-1914, new points of theory were brought out, serious 
errors in certain mstroments were made known, and improved 
methods anid instruments were devised. As a result considerable 
improvement has been made in the work in atmospheric electricity 
aboard the Carnegie, especially on her present cruise. 

It ig now deemed worth while to expand the work of the depart- 
ment in atmospheric electricity in two directions: (4) Continuots 
observations, by self-recording means, at the department's fabora- 
tory in Washington and at such observatories elsewhere as the de- 
partment may be able to establish in the near future. (6) A gen- 
etal electric survey of the globe, implying observations at points 
distributed over the earth's surface; somewhat aa in a magnetic 

Probably the late Professor Rowland was one of the first, m his 
address before the Congress of Electricians, heli at Paris, Septem- 
her, 1881, to point ont the need in atmospheric electricity “of a 
stties of general and accurate experiments performed simultaneously 
on a portion of the earth's surface as extended as possible! He 
says that “the principal aim of scientific investigation is to be albjle 
to understand more completely the laws of nature, andl we generally 
succeed in doing this by bringing together observation and theory.” 

2 Physical Papers of Henry A. Rewlana, Baltimore, roo f. 2ta et eq. 
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On Profesor Rowland’s motion the Congress resolved “that an 
international commission be charged with determining the precise 
methods of observation for atmospheric electricity, in order to gen- 
cralize this study on the surface of the globe.” 

Unfortunately, in the past, the observations in atmosplicric elec- 
tricity have often been found to be counterfeits of nature because 
of ‘the errors inherent in the instruments and methods used. Ac 
cordingly the much-desired discovery of nature’s laws by " brmging 
together observation and theory” has not been effected in the 
measure desired. None of the proposals for a general electric sur- 
vey of the earth which have been made repeatedly to learned acad- 
emies, one of the last having been presented to the International 
Association of Academies, has been put into effect, doubtless be- 
cause of the discouraging experiences encountered. 

In spite of the vast work already done by notable investigators, 
we still have no:generally accepted theory of the origin of atmos 
pheric electricity, 

Probably one of the most important of recent contributions to 
the observational data is the series of observations obtained on the 
past cruises of the Galilee and the Carmegie. A report giving the 
results up to the end of 1913, obtained by the department oliservers 
and others, was prepared by Dr, Hewlett and published in the Sep- 
tember, 1914, issue of Terrestrial Magnetism and Atmospheric 
Electricity. The observations comprised, in addition to the usual 
meteorological measurements, those of the potential gratient, at- 
mospheric conductivity and radioactive content of the atmosphere. 
Perhaps the most important result was a confirmation of the some- 
what striking phenomenon, that while the conductivity, over the 
ocean is, on the-average, at least as great as over land, the radio- 
active content is much smaller. The values of the potential gra- 
dient obtained at sea were of the same order of magnitude as those: 
on land. 

Dr, Swann has just completed a report on the atmospheric- 
electrie observations taken during the third cruise of the Carnegie 
while-under the: command of Mr. }..T.-Ault, in 191g. The general 
course of the Carnegie during this cruise was as follows: Leaving 
Brooklyn on June 8, 191g, she arrived at Hammertest on July 3. 
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Salling again from Hammerfest on July 25 she entered the harbor 


‘Of Reykjavik, Iceland, on Augyat 24, having reached the latitude of 


79 52’ North, off the northwest coast of Spizbergen: Leaving 
Reykjavik on September 15, the Carnegie arrived at Greenport, 
Long Island, on Oetober (2, returning to Brooklyn on October 2r, 
Qty. 

The observations m 1914, comprised, in addition to the magnetic 
and meterological data, measurements of the potential-gracient, the 
eondictivities for the positive and negative ions, and the radioactive 
content. Measurements of the ionic numbers were aleo made during 
the passage from Greenport, through Long Island Sound to New 
York. The whole of the observations, with the exception of a few 
measurements im Long Island Sound by. Dr. Swann, were taken bir 
Observer 1. F. Johnston, —_ 

The average values of the potential-gradient, atmospheric con 
ductivity, and tadioactive content ior the whole cruise were, re 
spectively, 93 volts per meter, 2.52 x 10% ES, U., ant 23, the last 
number being expressed in Elster and Geitel units. The average 
value. af the earth-air current for the whole cruise was 77 io 
E, 3. 0, per sq: em. 

The atmosphetic-electric elements were measured daily between 
the hours of 9 A. M.and t2-noon. ‘The observations.as far as they 
go indicate a general increase of the potential-gradient from sum 
mer to winter, which is in accord with land observations for the 
daily mean values. The conductivity also shows a gefieral increase 
from the beginning of the cruise (Tune 8, 1914) to about the end of 
September, when a maximum occurs, after which the conductivity 
falls. 

No marked variation of the atmospheric-electric elements with 
temperature or humidity was found, However, an indication is 
shown of 4 variation of the conductivity with latitude: a maximum 
for the latitires involved occurring in the neighborhood of 9° 
North, These conclusions with regard to the variation of the ele- 
ments with season, latitude, ete., must be looked upon a tentative 
owing to the small number of data involved. 

The conductivity appears to have an especially low value in the 
neighborhood of the American coast. In Long. Island Sound, 
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méasurements were made of the ionic numbers #, and #., and the 
results indicate that the low values of the conductivity referred -to 
above are to be attribuied partly to a low value of the specihe 
velocities of the ions (7, and #.).. The mean valnes_of v, and 2 
for observations on three days in Long Island Sound are respec- 
tively 0.77 and 0.83 em./see. per volt per em. The average value of 
#, and #. for observations taken on three days in Long Island Sound 
are 349 and 280 jons per c.c, respectively. 

By making use of the vale (23) given above for the railio- 
active content, and of the empirical relation obtained by Kurz, for 
the reduction of the Elster and Geitel umt to absolute value, it 
tttrns out that the average radioactive content for the whole cruise 
amounts to about 12 curies of radium emanation per cubic meter as 
against 80 curies per cubic meter which is about the average value 
found over land: The emanation content is thus too small to ac- 
count for the conductivity observed over the sea, which conductiv- 
ity is as great or greater than that measured over land. 

A-criticism of the ordinary method of drawing conclusions as to 
the nature of the radioactive products in the atmosphere, by com- 
paring the decay curve with one obtained by a wire exposed ina 
closed vessel, is given in Dr. Swann’s report. The activity curves 
are analyzeil in the report mathematically, use being made of the 
theory of radioactive disintegration, and it is found that while 
some of the curves can be explained by radium emanation alone, 
others require the presence of a product of longer decay period than 
radium 4, B or C. The possibility of this extra product being 2 
product of thorium emanation, as is generally assumed to be the 
case on lancd.is discussed by Dr. Swann. 

An attempt to calculate the actual amount of radium emanation 
in the air directly from the theory of the Elster and Geitel method, 
without assuming any empirical relation results in a much smaller 
value for the radium-emanition content than that given by the 
empirical relation unless it is assumed thar the average specific 
velocities of the active carriers are much smaller than i¢ generally 
supposed. 


PROC, AMER. PHIL. soc,, LIV. 216 0, PRINTED JUWE 19, 1915. 


THE RIGHTS AND DUTIES OF NEUTRALIZED 
TERRITORY. 


By CHARLEMAGNE TOWER. 
(Read April 27, mrs.) 


Although the growing importance of the United States and their 
extencied influence as a world power have made the subject one of 
prime interest to them in many respects heretofore, there has proh- 
ably never been a time when the principle of neutrality has had for 
usin America the same weighty consideration that it has umler the 
existing circumstances m the world today, 

Never, probably, have the rights and duties of neutrals been so 
carefully scrutinized by American public opinion, or so sensitively 
tested by the responsible authorities of our Government. And very 
justly so, because, with almost the whole of Europe inflamed before 
us in this great war, there is scarcely a day in which some serious 
question does not present itself in the maintenance of our public 
policy, some delicate situation which affects our national honor— 
both in our character of neutrals and our relations with the bel- 
ligerent powers, anil in their dealings with uz in return. 

It may be of interest, therefore, 16 consider one or two of the 
underlying principles of the rights and duties of neutral nations; 
not the less so, perhaps, because of the fact that neutrality, in its 
present recogmized form, is the most recent and modst moiler of the 
effective roles of international law. 

Indeed, the nations of antiquity had not only no conception of 
what we call neutrality, but they had not evena name In which to. 
convey or meaning of the term, The Romans alluded to those not 
engaged in the wat as miedii, amici or pacati; and their dealings 
with them were regulated, as. far as we can judge, by the feeling 
that they were peaceful and Friendly; at all events that they were 
not openly to be regarded as the enemy. And this appears to have 
been the view of their position throughout the Middle Ages. It 
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was only in thé seventeenth century that the term newtralis,—meati- 
ing to the minds of the people of that day, mon hostis-—was 
brought into general use by the publicists, and that since then the 
condition of the neutral has been established, somewhat. artificially, 
as is considered by some writers," under the process of which the 
term newtral has been extended to the flag of a nation which 
chooses to take no part in the war, to its ships, its commerce and its 
citizens. 

From this point of view it has been declared that neutrality 12 
“the continuation of a previously existing state.” That is to say: 
Powers which go to war and become belligerents alter their condi- 
tion —wililst those which ‘choose to be neutral remain as they were 
before, Consequently, in their case, their international rights are 
unchanged; and “neutral states. and their citizens are free to do in 
time of war between other stutes what they were free-to do im time 
of peace." 

But, oder the miles of international law, the state of neutrality 
carfies with it certain rights and obligations which do not exist 
When there is no war. It has been scttled that neutral governments 
may regulate the furnishing of certain articles to belligerent cruisers 
that seek hospitality in their ports, though they are bound to pro- 
hibit the supply of certain other articles, as, for instance, arms ancl 
ammunition, They have the tight to enforce the respect for the 
neutrality of their waters, thongh they must not allow their territory 
to be used for fitting owt or equipping armed expeilitions against 
any belligerent. So also, the. commerce of neutral individuals is 
sulject to certain restrictions, as, im the matter of contraband of 
war, which do not exist in time of peace. 

But the theory of the law is that these are merely the changes 
in certain details produced by common consent of the nations,—by 
the condition of war: though the principle remains permanently 
fined, that the rights of a neutral continue, uninterrupted, in time 
‘of war precisely as in time of peace —his rights of trade and com- 
merce, his rights of free intercourse with either belligerent, or with 
anyone else; and that every restriction pon these activities: that 

1 Holland, Fortnightly Review, July. 18a. 

* Lawrence, “ International Law," par. 243. 
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are lawful-in a state of genetal peace must be based upon a clear 
and unquestioned rule of international law; the burden of proof 
being npon him who seeks-to enforce the restraint. 

‘As a general statement, the. obligations of all neutral states are 
the same, so also are their rights, as non-belligerents and non- 
participants in the war; they decide by their own motion to occupy 
a neutral position, aside fram and between the belligerents. with all 
of whom they volimtarily remain at peace. This is called “ perfect 
neutrality.” and is accepted by all the powers. But there are two 
classes of neutrals into which the whole body of neutral nations js 
divided, whose relations to the war are different in this respect: 
that, one set of them abstain by their own free will from entering 
the war; whilst the others are restrained from taking part in the 
hostilities and are obliged to remain out of it by the conditions of 
their existence. This difference between them marks the difference 
between neutrality and neutralization; between neutral and neutral- 
ized territory. And it is to this latter that [ beg leave for a moment 
to direct attention. 

A neutralized state, then, is one which is and must remain 
neutral tmnder all circumstances. Its independent existence rests 
upon that condition. It is a state which has been constituted by 
common consent of the great powers, which has received from the 
powers the right to subsist, provided that it take no part whatever 
in any conflict that may arise between its neighbors and shall have 
no fight of its own to take up arms except to repel attack or to 
defend its territory, Thus a neutralized state is, in fact, allowed to 
exist because the operative forces of self-interest of its neighbors 
fintl sufhcient benefit accruing to themselyes—as, for instance, that 
it forms an intervening space between themselves and their own 
powerful neighbors whose proximity threatens their peace,—to in- 
tice them to agree to its existence. There are neutralized states, 
under international law, and neutralized individuals: and this char- 
acter may he extended also to seas and waterways, to buildings, 
ambulances and ships. 

A. distinguished authority (Professor Halland) defines the proc- 
ess of neutralization as “the bestowing hy convention of a neutral 
character upon states, persons and things which might otherwise 
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beara belligerent character.” Hut, “so great a change in their 
legal position camot be made without the consent of all the parties 
affected Dy it. Tt mst be made as the result of international agree- 
ment, in order to be valid, and must be accepted by all the im- 
portant states," 

Neutralized states, therefore, are those which, whilst remaining 
politically independent, have yielded op a part of their sovereignty 
as the price of their existence, and are dependent upon the powers 
to protect them—thongh they do not belong to the councils of the 
greal powers, nor have they the right to discuss questions of policy 
which may ultimately lead to the employment of force, excepr int 
detence of their own frontiers. 

The twe conspicuous examples of this kind are Switzerland and 
Belgium. The cases are similar; each forms with its intervening terti- 
tory a barrier between the threatened conflicts of powerful neighbors. 
Switzerland, Iving as it does, between Germany, Italy and France, 
is 40 situated that tf the passage through its territory were open, 
the Austrians might proceed freely from the valley of the Danube 
to the Rhone and the Po, and menace the western boundary of 
France throughout its entire length; and, indeed, that is what 
happened during the French Revolution, when the neutrality of 
Switzerland was disregarded and her territory invaded by all the 
contending parties, whilst the French, Austrians and Russians used 
her soil for their hostilities against each other. Again, in 1813, the 
Austrian army passed through Switzerland and crossed the Rhine 
at three places, in its campaign against Irance. 

A short time later, the perpetual neutrality of Switzerland was 
recognized by the Congress of Vienna, in 1815; but, upon the re- 
turn of Napoleon from Elba, the Allies called upon the Swise Con- 
federation to join in the general coalition against France, im order 
to assist them in promoting the common weliare of Europe and 
prevent the reestablishment of the revolutionary authority in 
France. They declared that they knew the importance attached 
hy Switzerland to the maintenance of the principle of her authority, 
and that they did not intend to violate that principle; but with the 
view Of accelerating the time when it mght be made permanent 


* Lawrence, ub supra, paragr, 245 
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and advantageous, they called tpon the Swiss to assume an attitude 
and to take such measures as might be in proportion to the extra- 
ordinary circumstances of the moment, without forming a rule in 
this respect for the future. That is to say, the allied forces claimed 
the right to pass through Switzerland, recognizing her neutrality but 
agreeing that if it were violated by them they should not regard 
thetr act asa rule in the future. In truth, her neutrality was vio- 
lated during the war by the contending parties on both sides. 


But, after the reéstablishment of the general peace in Europe, a 
declaration was finally made, at Paris, in 1815, which fixed the pho 
litical status of the Swiss Confederation, and upon that foundation 
it has rested) ever since. By that declaration, hoth France on the 
one side and the allies on the other, Great Britain, Austria, Prussia 
and Russia, formally recognized the perpetual neutrality of Switzer- 

land and guaranteed the integrity and invidlability of her territory. 
They declared also that the neutrality of Switzerland, and her in- 
dependence of all foreign infinence, were conformable to the true 
interests of the policy of all Europe. 

The situation of Belgium renders it in this respect similar geo 
graphically to that of Switzerland; for it is the barrier which lis 
interposed between Holland and Germany on the one side anil 
France on the other, and by means of its territory the boundary 
lines of these great powers are separated from each other in such 

a manner as to remove the menace of irritation which is always 
present in Europe where the common frontier is marked by a single 
line. With this barrier maintained, algo, both France and Germany 
are protected from immediate attack at several of the most vuiner- 
able points in the territory of each; as has been matle evident by 
the conflicts that have taken place between the rival powers on the 
continent for hundreds of years, which have made Flanders and 
the low countries the battleground of Europe. 

The territory of the present kingdom of Belgium was incor- 
porated with that of Holland, in 1815, by the Congress of Vienna, 
in order to form the kingdom of the Netherlands, and for the dis- 
Hinet purpose of placing a barrier between the territories of Gers 
many and France. But, quarrels of «a domestic character having 


ione.] OF NEUTRALIZED TERRITORY, 23 


broken out in the low countries, Belgium separated itself from the 
kingdom of the Netherlands, in 1831, the outcome of which was 
that a treaty was madd, on the 10th of April, 1839, establishing 
peace between Belgium, as an independent kingdom, and Holland; 
and, on the same date, in 1839, another treaty was entered into by 
Great Britain, Austria, France, Prussia and Russia with the king of 
the Netherlands, recognizing that the union between Holland and 
Belgium, in virtue of the Treaty of £815, is dissolved, and that Bel- 
gium, which is to be composed of certain provinces. specifically de- 
limited and set forth, shall become an independent state.* 

This, then, is the origin and constitution of the kingdom of Bel- 

gium as we know it today. The powers agreed that, within certain 
boundary lines, it should be allowed to exist as a separate kingdom. 
They went further than that, and agreed also, by Article VIL. of 
that Treaty, that: 
We have in this a well-defined example of neutralized territory, as 
we are considering it today. Belgium was granted all the privileges 
of independence, with the right to make her own laws, regulate her 
own domestic affairs and administer her own government; always. 
provided, however, that she should maintain, in her foreign rela- 
tions, the strictest neutrality toward all other states. And this, it 
is believed, she has faithfully performed. 

But, it will be observed that, whilst Belgium is thus bound to 
the great powers a6 to her neutrality, there ts no agreement for 
specific performance upon their part in this respect, beyond their 
ratification of the convention itself and their general undertaking 
to carry out all of its provisions, in which the powers themselves. 
had not entire confidence, It was evidently not regarded by them 
as a sufficient safeguard in the event of war, for when Germany 
and France declared war upon each other, in 1870, there was such 
grave danger that both the independence and the neutrality of Bel- 
gium would be disregarded in the course of the conflict, that it was 
considered necessary to assure her safety by special agreement hay- 
ing regard to the circumstances of that time. 

‘Hertalet, “The Map of Europe by Treaty,” TL, p. 84, ; 

* Belgium, within the limits specified, shall form an independent aml per: 


petuaily neutral state. It shall be bound to olieerve anch neutrality towards 
all other states.” 
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Therefore, Great Britain entered into a separate treaty with 
Prussia, in August, t$7o, by which it was agreed that =* 

“TE during the hostilities the anuies of France should violate the neu- 

trality of Belgium, Great Britain would be prepared to cooperate with Prussia 
for the defence of the same in such manner as may be mutually agreed upon, 
employing for that purpose her naval and military forces to insure its ab- 
servance, anil to maintain, in conjimction with Prossia, the independence and 
neutrality of Belgium,” 
And Great Britain entered into a separate treaty with France, at 
the same time, making provision in the same terms for the eoopera- 
bon with her for the defence of Belgium in case that Belgian ter- 
nitory should he invaded by the armies‘of Prussia. These separate 
treaties were made binding in each case upon the parties during the 
continuance of the War of 1870, and for twelve months after the 
tattheation of the treaty of peace. Thus Belgium was protected 
against invasion or disturbance during the Franco-Prussian War; 
though since that time both her independence and her neutrality 
depend upon the old agreement between the five powers, made in 
1830. 

But, as an old French writer has well said: “With such neigh 
bors there is always.a chance for trouble.” The unfortunate situa- 
tion of Belgium leaves her always open to danger when her power 
ful neighbors begin to fight over her head. She has her defence 
in the old agreement of the powers, it is true. But will that be a 
suthcient defence when cither or all of the powers, engaged in a 
desperate conflict amongst themselves, find that their own self-inter- 
est, then of prime importance to each of them, places the considera- 
tion of Belgium in the background? Evidently not; and in this re- 
spect all the powers appear to be alike. 

For instance, Sir Edward Grey in his great speech in Parlia- 
ment, on the 3d of August, ro14, whilst advocating the neutrality 
of Belgium in the present war, pointed to the interests of Great 
Britain as the determining factor in the observance of the guarantee 
entered into by the powers, in 1839." He quoted to the House the 
speech which Mr. Gladstone had made in Parliament, upon the 
same subject, in i870, when he Said, in regard to Belgian net- 
trality: 

*Hertslet, * Map of Europe" IT, p. cBBK. 
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“There is, admit, on obligation of the treaty. It ia not necessary, hor 
would time permit me to enter Into the cmmplicated question of the mature 
of the obligatian mider that treaty, Bat | am pot able w subscribe to the 
iloctrine af those who have held in this House what plainly amounts to the 
aisertinn that the simple fact of the existence of -a guarantee ts binding on 
every party to-duy irrespectively altogether. of the parhcular position i whieh 
it may find tteelf at the time when the occasion for acting on the guarantee 
arisen. ‘The great authorities upon foreign policy to whom I have been accus- 
tomed to Listen, auch as Lord Aberilecn and Lord Patmerston, never to my 
knowledge took that ‘rigid. and af [may venture to say 50, that impracticable 
view of the guarantee. The. circumstance that there is atready an exiating 
guarantes in force ts, of necessity, an important fact, and a wewvhty element 
in the case ‘to which we are bound to give full and umple consideration.” 


Sir Edward Grey added to this his own statement, that: 

“The treaty is an old. treaty—1839. It is one-of those treaties which are 
founded not only on consideration for Belgium which tenelite ander the 
treaty, but in the interests of those who guarantee the uentrality of Beiginm,” 
Unfortunately this is true. That treaty is evidently an obligation 
of convenience. Germany, upon her side, took the same view. 
The German Chancellor in his speech before the German Parlia- 
ment alluded in this connection to“ the wrong which we were doing 
in marching through Belgium,” The German government declared 
that “it had in view no act of hostility against Belgium,” It ex- 
pected the Belgians to maintain an attitude of friendly neutrality 
toward Germany,—in return for which it undertook, at the coticlu- 
sion of peace, to guarantee the imlependence of the Belgian king- 
dom in full, The Chancellor hoped that the Belgian authorities 
wotild yield to the inevitable and “ retire to Antwerp under protest.” 

I do not intend to pursue this inquiry in the direction in which 
it has given rise to the controversy on both sides, and possibly the 
world over, as to whether the Allies were ready to pass through 
Belgium if the Germatis had not done so. We are concerned 
merely with the law. Of course, if Belgium had taken the slightest 
‘step toward uniting her forces with either of the belligerents 4s 
against the others, she would have forfeited her attitude of meu- 
trality and become herself a belligerent, subject to be treated as an 
enemy. And this would be the end of her indepenient existence ; 
for that is based upon the neutrality which the convenience of the 
great powers has determined upon as the condition precedent of 
her national life. 
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But, assuming that she committed no breach of neutrality,— 
what rights has Belgium or Switzerland or any other neutralized 
territory? It has the right to defend itself, as Belgium has done. 
She is not obliged to defend herself, but may choose whether she 
will do so or not. For, if she yield to superior force, that can not 
be looked upon as an un-neutral act; though it may place her dur- 
ing the war upon the side of one of the belligerents, as is the case 
of Belgium today in consequence of her defence. Still, Belgium 
had undoubtedly the right to defend her soil. The law is on her 
side in that regard, | 

But, on the other hand, what protection has she? Evidently 
nothing but the agreement under which she lives—and that dlepenils 
either upon the “ interests” of the powers who made the agreement, 
as Sir Edward Grey said, or upon the convenience of respecting it, 
as the advance of the German army has proved. 

In the heat of a savage conflict, the reasons for the agreement 
are destroyed and the agreement itself js torn to shreds; for there 
is no one to enforce it, The only force that exists is being ex- 
hatisted in the war. The neutralized territory has rights that are 
not only recognized but also defined by international law. It has 
its guarantees as well—equally recognized and defined, though, as 
in the present case, the authority of the law is fone, and how shall 
“a method be found by which to guarantee the guarantees? 

PHILAt@LPALA, 

April, 1915. 


THE PRONOUNS AND VERBS OF SUMERTAN, 
Ry J. DYNELEY PRINCE. 
(Read April 23, tots) 


The pronouns of a language are relics of its earliest demonstra- 
tives. The first desire of the primitive speaker must have been to 
indicate objects. So soon as nouns had evolved themselves im his 
mind, the next step was the development of an abbreviated form 
which could indicate substantives without repeating the noun itself, 
and these abbreviations or indicators were nothing more than pro- 
nouns. It is possible that there existed originally in primitive 
speech only a single impersonal clement of this character, which 
was at first used, supplemented by gestures, to indicate objects of 
all three persons. Subsequently, the same syllable may have been 
tonally differentiated to indicate the "1, thou, that" itlea and still 
later, additional syllables were called into play to aid in differen- 
tating the first, second and third persons: It is interesting to ob- 
serve that in the very evidently extremely primitive system of 
Sumerian pronouns, all the personal particles contain the common 
demonstrative element ¢, which appears most prominently in the 
third personal env, 

The object of the present paper is to present in a concise form 
the results of grammatical investigations regarding. the Sumerian 
pronominal particles and also to weigh these theanes and conclu- 
sions from a philological point of view, especially in connection with 
the incorporation of the pronominal elements in the verbal struc- 
ture, It is interesting to note that the distinction between the 
nearer and farther subject-object, herein noted in connection re- 
spectively with the 6 and © particles, is a most natural linguistic 
phenomenon which would have followed almost arbitrarily the evo- 
lution of the general demonstrative idea, 

The material used in this treatise has been taken partly from the 

a7 
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new vocabularies published jin Arno Poebel’s “ Grammatical Texts," 
with the mam conclusions of which the present writer 1s forced to 
disagree, as the material offered by Delitzech, Langdon and Prince 
seems to disprove Poebel’s chief thesis. of the hidden vowel of the 
first person. 
L 
SEPARARLE PRoxouns. 

AMa-e, ‘1,’ accarding to Delitzsch, § 28 awa + demonstrative -e. 
Langion, p. 102, thinks that qwi-* was pronounced ni, as he reparils 
a-¢ a6 a diphthong, mdicating an (’miawt, This ts possible, espe- 
cuilly as the writing me-a—anaku, ‘1,’ also occurs: The piromin- 
ciation was more likely aid thant wi. The form wid-e was invari- 
ably used for the stots rectus; note that in such cases as IV. RR, 17, 
AO-41) nile nn-tn-di-in-gi-en jas tipurannt, “he has-sent me,’ 
the wi-e is really a status rectus in prolepsts and mot an accusative, 
which would be regularly represented by the oblique ma (see just 
below). It is interesting to notice that Delitzsch gives nite-e in- 
stead of md-¢ as the usual form, which id again an indication that 
mi-€ was not pronounced in two syllables, but really indicated an 
Cnlaut. Delitzsch is, therefore, probably right in supposing that’ 
the writing wvi-e really indicated original ma, the element of the 
first person, —-the indicative ¢. All authorities are agreed that a-0 
may represent «or 0 (cf. Delitzsch, § 48h). 

The oblique form of ma-e is generally ma, as Poebel: gen. ma-a- 
(k) ; ef. miat-a-kam, ‘itis mine, Poebel, p. 433 ma-a-ge-ef ge-fi = 
aisumia liblu?, ‘for my sake may he live.’ The Dative is regular: 
ma-d-ra, mia-ra, ma-a-ar | passion). In the locative, Pochel finds 

_* The following abbreviations have been wed: AJSL: “American Jour 
nal of Semitic Languages "; ASKT.= Paul Haupt, “ Abkadische wid Sumer- 
jache Keilechrifiteste “) Er=R, Britmew, “Classified List of Cuneiform 
Ideoyrams,” Leyden, 1887; Del = Delitesch: Friedrich Delitesch, * Sumer- 
ische Grammatil,” Leipzig, 194; ER. = Eove-ku dialect: ES.—Emyp-sql dia- 
lect; HT ASKT.; JEAS. XVII.“ Journal of the Royal Asiatic Society,” 
quoted Poebel, pp. 63 f; Langdon= Stephen Henry Langdon, “Sumerian 
Grammar," Paris, 1911; MSI..= J. D. Prince, “ Materiale for a Sumerian 
Lexicon,” Leipaig, 1908; P.= Pochel: Ammo Pochel, “Grammatical Texts,” 
Phitadelphia, 194; PF, AO, sg0a: quoted, Poebel, pp. 62-f9; Po aye: qucted, 
Poehel, pp. sz A; PSBA. =" Proceedings of the Society of Biblical Archaeal: 
ogy: Sfg.= Paul Haupt, “ Sumertsche Familiongesetse.” 
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ma-d,'on me’ (not in Delitzsch). The regular accusative is alsa 
What. 

Pocbel (p, 42) gives mat-ne-en as the full separate form of 
mo-¢, which clearly contains the first personal element mi(t#) -- me 
en of the verb ‘to be’ "it is 1 who am’ (cf. 22: me-ne, “ we’). 

The regular suffix of the first person is -1, not to be confused 
with the third personal -mw referred to below. It is now practically 
established that the first and second persons suffered a change of 
vowel in the oblique relation, and that the -ma in such cases became 
-ma; as e-ma, ‘in my temple '; wrv-ma, “in my city"; lugal-ma, * for 
my king,’ ete, The diffienlty in establishing any definite rule i this 
connection lies in the fact that both mu and ma appear indiscrim- 
inately for both stotus rectus and oblique (see both Langdon and 
Delitzsch for tmmerous examples). The probability is that the 
original usage of the earlier language was mw for rectus and ma for 
oblique, but, even in the carly documents, we find the contusion of 
forms so evident, as to make it Impossible to come to a definite con- 
clusion. The former theory that -ma was the ES, form for EK. 
mw is tmdoubtedly incorrect. On -ni==1 p, suffix, cf. below. s.c. e-ne, 
“he, she, it.’ 

Za-e, “thou, according to Delitzsch, § 29-22 +- demonstrative 
¢, asin the case of md-e¢,'1,' Similarly Langdon, p. 102, thinks that 
sa-# represented so, but this, like md-e== 1d, was probably pro- 
nounced 0. (6—=a-¢}, Za-e, like ml-e, was the invariable form of 
the status rectus, In-such phrases as kali amdatha—sa-¢ e-mint -s4u, 
‘thy word,’ kétw is really the separable pronoun in nominative ap- 
position, Cf. the remarks above on mi-r==iasi, Note that the 
second personal pronoun is also given a8 Se, im seme, "thou art’ 
(passim) and occasionally si-me, Br., 3307. 

The oblique of sa-« is generally ta, note Poebel: wen, za-a(k), 
sa-a-a(k); sa-o-ge; dat. sa-rd, fa-ar; Su-a-in (xv), “unto thee’ 
‘and pure locative za-a, ‘on thee’ (Poebel), a case not in: Delitesch. 
The oblique co is always used with the postposition as ca-da, ‘with 
thee, from thee,’ etc. 

Poebel gives also the separable se-meren, corresponding to mw- 
meen, I" (see, however, $2. ta-e-me-en, sv, the second person 
plural), 
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The regular suffix of the second person is -cu, with usually ob- 
lique -ma, as in the case of -mne, -nta (see just above). But here 
also: -cw 1s found as both rectus and oblique, although -ca seems to 
have heen the original oblique form, Cf. md-e eri-ca, ‘1 am thy 
servant’ (-ca for -zu, L., § 158); ga-cu-ta, ‘at thy command’ (proh- 
ably. should be ga-sa-fa, ete.), It is not possible to predicate a regu- 
lar wsage for -ru > -20. 

E-ne, ‘he, she, it"; according to Delitzsch, $30—demonsitative 
e+ demonstrative ne—néf, ‘this.’ This is clearly the same we, 
seen in the plural of nouns and verbs. Langdon (p. 107) thinks 
that ¢-ne—a teduplicated ai with apocope of the first ny; i. ¢., a sort 
of plural form. This idea has little foundation, as the detonstrm- 
tive c-element is well established in other forms (as, for ex., nul-e; 
sa-e, Ingal-e, the king, ete.) Poebel gives no separate form for ¢-we, 
the probabitity being that ¢-re itself served as such. There is no 
distinct oblique form of e-ne which is declined like a moun: gen, 
é-ne-ge (KIT) ; dat. e-ne-ra, ¢-ne-ir; loc. ¢-ne-a, * upon him’ ( Poehel), 

The suihx of the third person has a twofold aspeet; viz., 1) 
-(@)-ni and -vi, the former being rarer in occurrence than the latter; 
the oblique of this form is:-na; and 2) -(a)-673 and +f, the former 
being rarer than the latter; the oblique form of this is -ba ( Delitzsch, 
$837). The same confusion of usage js seen here as that between 
it, ria atid -su, -2a, fully pointed out by Delitzsch, $48; 41-ba, ‘in 
its place’; ¢u-na, ‘into his hand,’ regularly obliqne, but a-na — opti, 
This father’ (for a-mt) and dam i4-ga-a-ni, ‘the man of his heart,’ 
instead of -a-na, ete. As to the meaning of the -n- and -h- suffixes, 
Langdon (p. 105) believed that -ni, -aas hoth noun suffixes and 
verbal elements, originally denoted animate beings, while =bi, -ba in- 
dicated inanimates, but the logical continuance of this theory is nat 
horne out by the facts, We may note that in one of Langdon’s own 
examples. fu-c-wad-di-en, “he shambers,’ bi-, here-as verbal prefix, 
representsan animate subject (ef. my review, AJSL. ARVITL p73). 
Note also HT., p. 76, and Q: se-mu-wg-ga-ni and si-mu-wg-ga-bi, 
"his suffering,’ in both cases animate, Delitzsch, § qo, also gives 
many examples: The suffix -i is used for the first person in Br., 
5334; de fon-a-m—ublon peniya; wd tur-ra-wi-ta—wultte dot 
civriku, ‘irom the days of my youth'; fal-a-mi=candaku, ‘1 am 
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yoked’ The only possible explanation is that the translator ilelib- 
erately transferred the persons. The possibility that the -v- and 
-b- elements were originally used to denote the remote and nearer 
subject or object respectively, has already been pointed out by 
Thurean-Dangin, ZA. XX., pp- 380-404, and. fully discussed by 
Poebel (ZA. XXL, pp. 218230; Prince, AJSL.. pp. 364-365). 
This theory. although not yet capable of entirely satisfactory dem- 
onstration, lends itself more readily to credence than the animate 
inanimate idea, In the later language, which represents a period af 
grammatical decay, the mand b-suffixes appear to be used arbitrarily. 
It ig probable, however, that in the earlier phases of Sumerian, these 
endings imust have had the force ot remote and nearer demonstra- 
tives respectively. 

Mecue, me-en-ne, ‘we. Poebel gives me-cn-de, me-de, me-en- 
de-en, which, however, should be read me-en-ne, me-ne, tiewhi-ne-eM. 
He nses the d-clement, hecause he finds the oblique form mic-enda- 
na, ‘without us* (p. 47) and also nam-do-me-cn-da-na, ‘without 
us’: viz., mam negative + prep. -da + first person plural mu-en +- 
prep, da repeated + -na, probably negative, repeated. Poebel's own 
iorm me-da-nu (p. 34, line 34), ‘without us” clearly shows that the 
mceen in these wic-ert-da-forms is the me-cn of the first persot. 
Thus, ae-en-ddene == men first person - prep. da + negative nit, 
A form me-en-de climinates the evident combination of we—first 
person -- plural -1e. Similarly, Pochel’s separate forms me-de-en- 
de and me-de-cn-de-en must be read me-ne-rn-ne aticl tte -tte-ei-ne= 
cit, respectively + me-ei-ne==" we'—- en, clement of the verb to be; 
lit. "it is we who are” (ch. mru-nie-en, sontid-e above). 

According to Delitzsch, -me-ne, etc, mma +- ene, ‘1 and hie,” a 
aort of exchisive we.’ But if this were the case, we should expect 
to find also an inclusive ‘we'—' | and thou, which would have the 
form) me-en-si-en (or me-z¢ ). but this form actually qaceurs with the 
equation aftenn ‘you,’ plural (just below), It is mich more likely 
to suppose that me-er-te, e-ca-ne-en represent m pure plural of the 
first personal me(m) 5 to¢., maw) —+ ne or we-ae + the verbal -en, 
when the form ends i -0. The pluralizing of the first person 
singular occurs for example in Central American Tule an-mala—an 
‘1’ + the collective -malo, Indeed, the form men-men is actually 


oa PRINCE—PRONOUXS AND VERES OF SUMERIAN, [Apeit-23, 


a teduplication of the first personal singular = me-—+ verbal -n. 
We find the reduplicated Sufix -miw-mw “our” ( see below), which 
confirms this view. 

Afe-eni-ne declines regularly, although no genitive has heen found 
as yet; probably me-cn-ne-ge (x1r); dat. me-ii-ne-ra, me-en- 
ne-ir; loc. me-en-me-a, these last two cases being given by Poebel, 

The suffix of the first person plural appears as 1) -m-mw, Lang- 
don, pP. 109, nm: 1, although this is:-rare: 2) Clay, Miscellaneous 
Tablets, has found: ditimu-mu-med ‘our child,’ a direct plural of 
“mitt; 3) a8 -men : en-men ‘our lord,’ Langdon, p, 103. (Delitzsch, 
§ 33, gives -men as frequent in this sense); 4) the common suffix is 
-me2ad-da-me * our father’: oma-me ‘our mother": bi-me-ta— iting 
“with us,’ ete. The curious form &i-me-ne-ne—ittidinn ‘with 
them,’ Delitzseh, 3 43, probably was wrongly translated and means 
‘with us’; ie. ki with’ +. me-ne-ne, a pluralize:| form of the usiial 
“me. There seems to be no distinction in these suffixes between 
reclusand oblique. This is clearly indicated hy the series of suffixes 
On-Ne-cn, CN-Ne-en, I-Ne+eN, MeTN-Ne-eN, MN-E-e 1, all which are 
used for the first person plural (MSL., p. xxii, $3) and are not 
honorifics as I thought (AJSL., XXVIIT., p. 73). These are merely 
ploral first personal suffixes with possible connecters (ef. just below 
av. me-en-i-en). The -sen element which appears in all of them 
must represent -e-, 

Me-en-si-en = altiinn ' you" (given by all sonrees) and also 2i-ne 
*you,' a teal plural of the second personal element ei (ze ==z0-<), 
Langdon, p. to4. Note the parallel me-ne ‘we.’ In view of the 
fact than sa-v-me-en also—attinu, TV. R. 21,1 B. rev. 3; clearly = 
fa-¢ 4- nen" thou and I,’ it is probable that me-puoci-en also —‘*T 
and thow”’ (ome, ‘T* ++ verbal “en + si{se), “thou verbal -en), 
But this sa-e-me-en is equivalent to Pochel's full farm of sa-r (see 
above sv. si-*), It is impossible that sa-e-me-rn could have Loeeeth 
a second personal singular separate form and at the same time a 
second person plural! If jt were really used in both senses there 
must have been a different tone for each usage of men — respectively 
the verb ‘to be" and the first person. Note that the odd reading 
NI-e-me-en, HT. 139, 87, Clearly = sa(!\-e-me-en. 

Of me-en-zi-en no genitive has been discovered, but it probably 


ros | PRINCE—PRONOUNS AND VERBS OF SUMERIAN: aa 


was mc-ne-si-en-ge (KIT); dat. me-en-si-en-ra and za-ra-an-s1-1n 
(!); loc. so-g-m-se-en, In these two litter forms, we have a re- 
duplication of the second person; i. ¢.,. ca-+dat, -re-+ verbal 
(a)n— the:second personal 2? with verbal en—sorenzen and 2a-a 
loc. -+- (a)a#==seeond person + si with verbal en = sdusen, 

The suffix of the second plural is -tn-ne, a5 si-[n-cu-ne, ‘your 
lord,” Langdon, p. 10g. Note that in Delinzsch, “ Sumerisch-Akko- 
disch-Hettitische Pokabularfragmente,” p. 19, the form d-sie-si-ne- 
a-d3 ane ittikeunn, * for your wage ‘=the suffix -sn-ne, with infixed 
preposition #4 (KU) -+- directive o-df, an unusual and interesting 
example of infixation. The suffix se-ne-ne often occurs, Delitzsch, 
S42. u-yu-su-ne-ne= elikunn, “ispon you"; aain-en-wn-en-su-neie 
= macartikuaw, etc, Here we have plainly the pure plural of the 
second personal element and no indication of * thou and I.’ 

As m the case of the first person plural, there seems to be no 
distinction between rectus and oblique, This is indicated by the 
Series of suffixes similar to those just cited in connection with the 
first person plural; -ab-ci-en, -an-ci-en, <n-ct-en, -1b-ci-en, -[b-ci-en, 
in-Cl-en, -me-ci-en, -mie-en-ci-en and -in-ci-en. The forms -me-ci-en 
and -ne-en-ci-en may contain an "J and thou’ element. These all 
represent the second personal suffix with possible connecters. 

E-ne-ne-ne, ‘they’; according ta Delitzsch, 832; ene + enene, ‘he 
atid they," but this form is more likely to be ewe, “he, she, it’ -+ the 
reduplicated plural element -n¢, as in the case of me-we and -20-ne- 
ne, cited above. The short form ¢-ne-ne t¢ also common, Poehel 
gives ¢-ne-ne-ne as the full separate form, but without sufficient 
foundation, as either ¢e-me-ne or ¢-ne-ne-ne might have served in 
this capacity, as in the case of the singular e-ne. 

The third person declines regularly ; gen. e-ne-ne-ge( Kir) ; dat. 
e-Ne-ne-ra, c-ne-near; loc. ¢-ne-ne-d. 

The third plural suffix, as in the case of the third person singular, 
is twofold; 1) (a)-ne-ne, the a not being always present, in Fact it is 
usually part of the prolonged root, as duy-dit-nene, It appears regu- 
larly gu-ne-ne, ‘their hand’; gir-ne-ne, ‘their foot; bi-ne-ne-ta—= 
itis, ‘with them’ (on ki-me-nese = ilhdunn, Delitzsch, § 43, 
sec above x. teen). 2) The endings with the 6-clement: 
i-e-ne-ne, bi-e-ne, Delitzsch, § 43: be-ne-ne, Langdon, p. 108, and 
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bene, Langdon, p. 108, are also common: sii-biene, ‘their shep- 
herd’: mug-bi-ne-ne—eligunu (Langdon, p. 108), The (listinctian 
hetween remote and nearer subject and object, respectively: -me-1 
ancl -Dt-ne, is 1O more logically carned out in the later language than 
+4 the case of =ni, fi of the third person singular (q.2.}, but their 
original remote and nearer force stems just as probable. 

The third person plural possessive is frequently expressed by the 
singular suffixes of the third person: -ni, -bi, a phenomenon which 


Tasie or PRoxorxs. 


| Thou Ae. She it 
Nom. sua Separate: muse = cot Separate: Societe Pie 
| pate ( cca ( & ena 
Gen. { ma~a-e tara (&) 
Pat Go+dae : | 
Dat 4 ma-rd { and emne-T 
Nidan | Saar 
.  ga-a . ene 
Loc, mew { (cau-d0, ‘to thee") 
Survrxes SUFFIMES SUPE 
| a y=m0, = 
i A in i Lage é 
Rectws® “1. es { ta}-na, se 
; : j iene abit 
Ohhque <n — 1 (a)-ba, -ba 
(-0i-very rare and oom 
probably an error) 
H's You They 
| | ; renee 
Nom e-e, MeCN? Meche en St 1 abc’ 
Gen. “wie-rn-ne-ge "miter neste Pediat ite 
meainene-rad ie ei -St=oN- Fd ¢-Ne-Me=F 
Dat. | wie-ca-Ne-ir | fre-iti-st-41 e-nen~neir 
Loc Witter fa-a-an-si-0n e-ne-He-a 
Surrmes* SUFFIXES* Surrrxrs* 
“neil fine =(a)-ne-ne, -ne-n¢ 
' -IW-He-Ne 
eT } aheawt-nc-nte® 
aucinet sd oe e-ne-ne, ete. 
Cox NECTING SUFTTXES Cossectine Surrixes 
qn-ne-rm, on-ne-en, ab-ci-en, an-ci-en, 
inane-en, Mme-en-Ae TN, Fn-ri-en, ib-ri-en, 
wht bce, tneiaeit, 
Me-ci-en, MLeweci-en, 
Wii t-T 


* Confused wage, 

iNo distinetion between recteg anil oblique. | 

‘Probable distinction between nearer and farther pubject and object. 
*Lsed only with participles, so far as is known, See below. 
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is seen in other languages, as, for example, in Central American 
Tule, where ati, @f can mdicate both “he, she, it” and also * they‘ 
(Prince, Amer, Anthropologist, AYV,,.7. 454; the ati, th -element 
may be pluralized by the collective suffix -male, which, however, is 
often omitted ) . 
IT. 
ScUMERIAN Vexn With Paonouns, wit Rerextnces to Fottow- 
txG, COMMENTARY. 

[- Taree 

Ga-c.Ass{ ga-mu-ra-ah-dim = lu-bu-da-ke-wn, *T will (let mit: } 
make for thee,’ P., No. 142, rev. 2, 10. 

Mt-cuass: mu-mu-ra-te-ma-dé(ne)-en = wela ¢-fe-vi-d-hieni, | 
shall not go to thee,’ P, AO_ 5403, 6, xti-am-ra-ab-gd(r), “1 gave 
thee as a present,’ P., p. 103. 

Mectass: wi-ni-max-en, “I made thee great therein (for it), 
P., p.112. 


I-Htm 


Ga-cLass ; ga-an-na-dim =lu-bn-su-em, “Twill make it for him,’ 
P., ‘No, (42, rev. 2, 15. 
Mu-erass: we-imu-na-du, "built for him,’ P., p. 102. miw-na- 


du, *. built for him,” P., po 102. cn-nin-ni-inas — lu-do-tr-ir, “1 


will increase for him’ (or) ‘therein,’ P.. p. 1oz. | 

Mi-cuass: mi-ni-f—a-na-kw du-a-t¢ du-a-t7, ‘1 it for him,’ P. 
JRAS., XVIL, 6, 4, 23. ntieni-du—al-bi-in, "1 moulded it for 
him’ (or) ‘therein, P.. p. 102. axu-mieni-in-tar—=/u-ton-mi-s, 
‘| supported it,’ P., p, 102, 

Ne-tt.ass: ne-gi-a, ‘restored it (Clay) 

Ba-cuass: ba-a—a-na-kw gu-a-ti(-+--ti; probably =Juati Juati), 
P. JRAS,, XVIL, p. 65; 4, 10. baeni-i —a-no-ku sua-t du-a-ti, “1 
it for hini,” FP. JRAS., XV11.,-p. 65, 4, 28 (alse ha-m-e ditto). ba- 
an-na-te-cn ¢-te-xi-tim, “1 -went to him,” P. AQ), $403, 8. 

Bi-ct.ass: bi—=a-na-kw su-a-ti, "1 it sh him,” P. RAS. XVITL., 
pr. 63, 4, 13. biei==a-na-kw du-a-t, ‘1 it (or) him,” P. TRAS:, 
XMVIL, p65. 46 Th 

I(x )-cLass: it a-na-kw gu-o-H Su-a-ti, “I it for him,’ P. 
JRAS., XVIL, p. 65, 4, 22. in-nd-ni-| —a-noe-ku ju-a-t dwa-t 
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a-na-ku Fu-a-Sne, “1 it for him-and Ito him it,’ P. JRAS., XVIL, 
Pp: 65, 4) 30. 
[-Him 

sag-tim-ma i-ni-in-ga = mi-gi-it-tam ak-bi-ium, “T spake favor- 
ably to him,’ P, No. 142, rev. 3, 21. u-na-te-en=e-il-ri-sum, “1 
have gone to him,’ P. AQ. 5403, 2. 

Ini-ciass: f-gul im-ma-an-nd-md, ‘| asked him,’ P. p. to02. 
THov-Mr 

Ma-cLass: nome-ma-te-md-dée (ne)-ern —Ila ta-fe-2i-a-am, “do not 
come to me, P. AQ, §403,-5, 

Mir-cCrass : ndmt-nn-tih-ra.ra-cn = fa ti-te-bi-da-(on-m1), ‘mayst 
thou not be lost to me,’ P., No. 142, rev. 3, 8. 

Taou-Him 

Postrrosimive coass: dim-( ma)-na-ab— e-bu-su-im, ‘make for 
him, P. No, 142, rev. 2,14.  gur-an-3:-ih, ‘turn to him,' P. No, 142, 
rev. 2. 16, te-a-na == fe-ri-fum, “go to him,’ P, AO. 5403, 1. a- 
an-no-te-mad-de (ne )-en — (la) te-te-( 21)-3u-0m, ‘do not go to him,’ 
P. AQ. 3403, 4. 

Mi-CLASS: m-ni-e—at-fa du-a-ti- di-a-ti, * thou it it,” P. JRAS. 
XVI. p. 65, 4, 25- 

Ba-ciass: ba-e—af-ta-kw (sic 1) S0-a-ti, ‘thou it, P. TRAS. 
XVIL p. 65, 4, 20- 

Br-cuass: 6i-neE—at-ta su-a-ti, ‘thou it,’ P. JRAS. XVIL p. 
65, 15, bi-e—atl-ta fu-a-ts, ‘thou it, P. JRAS. XVI, p, 65, 16, 
Os )-crass: tni-e=al-ta Ev-a-ti Sv-a-ti, ‘thou it it" or ‘it 
for him,’ P. JRAS. XVI. p. 65, 4, 24. in-na-ni-e = at-ta Sua-ti $u- 
a-ti, ‘thou it for him, PF. JRAS. AVIL. p. 65, 4, 32. in-na-te-2-en = 
' pest-at-Fum, ‘thou hast gone to him, P, AO, 3403, 9, also ‘go to 
him,’ ditto, 2. i-da-md-e-rn — ta-5a-( ba )-ad-(du)-mw, ‘thou shalt 
place tt upon him,’ P. AQ, 5403, 10. 

Ma-cLass: ma-an-i= Hdin-tam, “he gave it to me, P. p. 110. 
igi, o« ma-ni-inedi-g, “when he looked upon me, PL p. 10g. igi 

. mu-sein-bar-ra, “when he looked upon me, PL op. raz: ma-a- 
ar ma-wet-du-ga, "when he commanded me,’ FP. p. io, ma-ro wa- 
an-du-ge, ‘when (to build) she ordered me,’ P. pp. tos. ord-ma-wb- 
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dim-¢—li-hu-sa-am, ‘may he make for me, P, No. Liga, rev, 2, 22. 

Mu-cuass: meub-dim-e—i-bu( pi}-da-am, ‘he made for me’; 
P. p. 57, rev. 3, 19, renders ‘makes"( 7), t-thu-b-dim-e — ule 
i-bu-da-am, ‘he did not make for me, P, No, 142, rev. 3,20. sag- 
=Hint-ma mu-ti-gd = ma-gi-ir-fam. ik-bt-a-am, “he spoke favorably 
to me,’ P. No. 142, rev. 3, 21. say-4i .... mu-H-in-bar, “he looked 
on me,” P. pi ros, me-na-an-si, ‘he has.given to me, P. p. F106. 
nam mn-un-far, "he determined fate for me, P. p. 105. 
 Meceass: namanu mi-néai-far-ra, ‘after he had determined 
fate for me,’ P. p. fos. 


He-Him 

Mu-ciass: mu-na-ni-in-gi-gi, “he replied to me, P. p. O3. 4 

_ weu-na-~on-si-wed-fa, “after he had given to him, P. p. 105. mu- 
no-ni-in-du, ‘he had built for him therein,’ P. p. 105. 9v-na-ai-i- 
in-gar, ‘he made it for him,’ P. p. 106, 

Mi-ceass: #i-mi-in = S0-n du-o-ti S0-0-1i, * it for him,’ P, RAS. 
NVII. 65, 4, 27. mi-ni-in-far-ra, ‘when he had determined it for 
him (it), Poop. riz. 

Ba-ciass: be-on—He-w Ju-a-ti, * he it, FP. JRAS. XVIL p. 65, 4, 
21. ba-an-na-le = i-te-xi-fum, “he went to him,’ P. AQ- 5403, 7. 

Bi-cuass: bi-in—Jw-n du-a-ti, ‘he it,” P, JRAS. XVID. p. 65, 
4, 17-18 Ju-ni bi-in-si-a, ‘after he had placed it in his hand,’ P. p. 
105, 

lu-ceass: fh-ri-tuk, ‘he shall receive for it,’ (Clay). 

[fs i-ctass: f-ni-in==Ju-n du-a-ti, ‘he it it,’ P. JRAS. AVL p. 
65, 4,25. in-na-ab-si-mu —in-no-din-3u, ‘he shall give it to beim,” 
P. p. Od in-na-ab-gi-gi—ip-pa-dliu, “he shall answer it to him,- 
Pop. a4, in-na-ab-qur-rin-ta-ar-3u, “he shall return it to him," 
Pip oa: * 


THev-Me 

Mir-c Ass: 2n-mu-8-in-far-rie-rs = lui p-pa-al-sti-temn, ‘they have 
looked upon me,’ P. p, tog. sag-e-eF enermu-PA-T0G-ne-¢s, * they 
have given it to me as a-gift, P.p. 104. 

Bi-cLAss: Juemii-B) bi-in-si-es-a, ‘when they gave it into: my 
hantls,” P, pe 14. 
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Titty-Titke 
PRECATIVE CLASS: KA 20-ra-ah-Ja-Jo-yi-ne = If-{F-te-mi-a-ki, 
“may show reverence unto thee,’ P. p. 110. 


THrty-Hiw 

PRECATIVE CLASS> 1'¢-¢-¢n-10-ab-dim-7-ne —|i-bu-Fu-Fum, ‘may 
they make for him.’ P. No. 142, rev. 2, 17. 

MU-CLASS > mu-un-ni-m-Pa-TUG-pU-d, ‘when they had given to 
her asa gift,’ Pop. 12. tme-ni-on-si-m-nd-a = f-ti-nn-dum, ‘when 
they had given it or gave it to hin,’ P, p. toy. mn-na-an-gi-ni-eg-a 
=w-ki-in-ni-sum, ‘when they had made secure for him.’ P. p. rag. 

[(N)-CLass: in-na-b-ha-la-gi-ne —= u-dan-ni-ni-sam, 4 they shall 
pay him,’ P. op, 104. sa-an-na-al-dim-e-ne le i-pi-di-diom, ‘may 
they not make for him,’ P, No, 142, rev. 2, 18. 


Cow WENTAHY. 


1. Bie, 1" (sar. tera) ; cf also TV. Rona, oby: 20 a: di-biegar-na’ basi 
-dur-rasing fibwlfi hideiilh, * 1 will invite (them) to a feast’: probably 
first person, but the text is broken, 

2, Ba-)"thou’ (a2. THou-nIM ) ; not at uncommen tisage. Cf. ASL XTX, 
#20; TV. R. ry. 45 a; in TV, R30 nr, a rev, ne: there Gecurs series wf 
bio—ne formes. all— > fh Ut is possible that the Assyrian scribe changer! 
them from a 3 y. which perhaps was used for a general “you like German 
man; French on. 

& Ba-, “third person” (2.2. He-HIM) : occurs passion, 

4. 8-0" (em. 100M}; an unusual prefix in this sense, 

5. Mi-, "thou" (sa. tHoU-HiM) ; an inusnal prefix in this sense. Hie, as 
a pevfix, is tmusual in any case, even as the third person, a5 it ix a comenan 
third personal su fir. 

6. Bi, 0. 4 wd, “they” Cae rirey-se) : not common, ulthough, if te js 
wed in the singular 3p, it is natural to fod di, .. \ ef for the plural. 

7 Ga-, 2" (30, -THEE; MIM); a Very common first personal prefix, 
probally from the cohortative gu: itt fact, ya- was really colortative origi 
nally, although it is-frequently used in the sense “1 will" Ci, Del, § rsp, 
and AJSL. ADS. $23. It also =1 p. in HT. 119, aby. 22: ga-Mw oa-ndeler-en 
=alKam | nillitiv, * come let is go" Note that is © p. plural here. On’ the 
other Hand, ya- is axed for the 2, IV. Rot, 45 bs en-uam gueme-ied (mW) 
Sand widccorte Wiiedib, “thou shalt ait in the watch": ci. AL# 134, oby. t: 
an-sud wd-ag bil-gim eor-ki-ia ca-e di-in-yo-niv-en bil = nie Jame bs ben 
Hatin ine waitin waprat ating, ‘the light of the heaven which like fire in the 
fait shines art thou, fire” Ga- also may be used for the 4 py IV. R 1, 
iG-at bt minewd-by- pri Lnig-go-we-to d= ga-erw-n-a-ld—ing weniin offitt 
ming teresa, ‘what hae he planned with his brilliant eara* | 

ffm-,°T' (ca En); cf,-also [V. R, 6. 41 Gs diste deni-ty-et, 1 
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placed it at the bottom,” hut nied with a preeeding mi-c,"L' /m-, however, 
can mean “thou "=; TE FR p6, 16: e: er Ca-st) imnt-ni-uctet-des — fadaket, 
‘thou weepest Jim- is very comimot as a third personal pretx. | 

g. In-, * 1" (ee. t-urm). Very rare. Poebel's examples are the best 
instances: of this: tec . 

10. ne, thon” (se tTHou-mim); TV, R. 7, 30 a+ nin iti? Wintec nih 
so-« i-mate fa andiw idd offu Udi, ‘what T know thou ahait know" 
(‘for me*=-mo-v-?); cf. AJSL XIX, 828 fn-is commonty tsed with 
the third person. 

11. fn; . . . =e, ‘they (xe tirev-tist) ; 2 logical thied person plural, 

Lz. Ma-, ‘me, to me" (a0. He-ME); for this usage Poclel’s examples are 
best. Note also pue-we-ge = iddinfa, “le gave it to him with the third per- 
aon, Br. 4418. 

ra Mie 1 (se, r-ruee). Poebel's example is the only one know bo ne. 

14 Mi-, ‘me* (a0, 1t-ME; HE-1TM }. “ote that the -sin- here =* me.’ 
Mi is ‘most common with the third personal sense, Br. p. $46. 

is, Mi-, “thou' (se. titow-am) ; ef. also IV. R. 24, nr. 3, G7: hal-tul-aF 
inizitj-inadid = tikiniy tamun, ‘thaw regardest it as a ruin,’ but points hack to 
a 2p. co im line 4 

16. Max, "1D" (50, t-teee) 1-8); very common use (sce AJSL. XIX. 
$32). 

iF Au,‘ thou” (ee. THOU-se) ; only in Poehel, so far as I have met it. 

1% Afwe: ‘he’ (a0. HE-Me: nE-mim) ; passin; AJSL. XTX, pp. 217-218. 

To. Afw-., . ocd, ‘they (se, THev-Me); a watural plural of mu-, ‘he.’ 
Note ma-... -##, the same plaral, as mu. - el with vowel harmony; 
wd for ef. 

Til. 


Asacysts or MATERIAL. 


The prefixes, infixes and suffixes shown by the above table may 

be grouped alphabetically as follows: 
an-wi-1b, ‘(turn thow) i to hie’ ib. 
ba-— 1, 2 and 3p, subject. 
ha-un-, ‘he it. 
bo-an-na-, * he it: he for him,’ 
hi-—=1, 2 and 3 p. subject, 
bi- . . . “t= 3 pl. subject. 
ju-—=1 p. subject. 
eS p. subject: * 1 will’ | 

tit .. . +e-e— 3p. pl. precative subject. 
i-=1 p. subject; cf. tris, 
i(t)}-—=3 p, subject. 
iitt-—=1, 2 and 3 p. subject. 
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n-th, “T to him.’ 

in-==t, 2 and 3 p. subject. 

in-na-~, ‘I to (for) him." 

Hi-na-al-, ‘he (they) to him," 

mo-—=2 p. subject; 3 p. subject: he to me’ 

ma-ab-, “he it for me.” 

ma-an-, “she (he) ..-. me’ (ace.). 

hta-ni-in-, “he upon me." 

mi-==1, 2 and 3 p, subject. 

mi-m, ‘I thee therein: I it for him: he it for me.’ 

mu-—= 1, 2 anil 3 p. subject. Note also the following: 

mu- .. . -#F= 3 p. subject. 

mu-na-an-, “he to (ior) him; he it tome; they it for (to) him.’ 

mu-ta-ni-in-, * he at for me.” 

mr-ni-, * 1 for him." 

mu-n-in-, ‘he for me," 

mu-tin-, “he for (to) me.’ 

tite-wn-ai-in-, * they it for (to) her (him). 

-#a-, "for (to) him.’ 

-nta-ab-, “it for (to) him.” 

-ni-t-, “for him’; mi-ni--, ‘I for him: thou for him’; da-ni-e-, 1 
it for him": -ni-7, "1 it for him.’ 

-ra-, ‘to thee.” 

“ra-ah-, ‘it for thee,” 

Analyzing the above elements stlil further, we observe that the 
first personal subject may be denoted by; ba-; ga-} gu-mu-; im > ine; 
i= ntl nate, 

The second personal subject may be denoted by: ba-; bi-; 
Wid; mti-> mat; amte—eF (pl,), 

‘The third personal subject ma y be denoted by: ba- = hj-¢3 (3p); 
((B)-5 19-; ma-z mi- win. 

In other words ha-, im-, in-, mi-, and miti-, may mdicate the 1, 2 
and 3 persons indiscriminately, and that me-—2 and 3 persons, 
while g@- 1s. almost always used for the 4 p, 

Nor is the problem made easier by the tabulation of the x, 2-and 
3 personal objective infixes; viz., 1 p. object: ava-, “he to me": mma- 


abe, “he it for me’; ma-ai-, ‘she (he)... me" (ace,) : ina-ni-tn-, 


in-; 
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‘he upon me"; aniii-, “he it for me": mu-na-an-, “he it for me di 
mu-di-ia-, “he upon me"; mm-wh-, She for me"; mm-ant-, “he for 
(to) me,’ 

The second personal object shows; mi-ni-, ‘1 thee therein,” tat 
consistently -ra-, ‘ta thee; thee’; -ra-al-, ‘it for thee.’ 

The third personal object is seen in bu-an-, ‘he it’; ba-an-na, “he 
it: he tt for him';in-na, ‘1 to him"; mu-na-on-, ‘he to (for) him; 
they it for him": wti-ae-ni-in-; ‘they it for her (him).’ The ele- 
ment -a clearly ‘to him," as ne-ab—*it for him"; -1i--, ‘for 
him,” as be-ni-i,’ 1 it for hinv’; -i-7, "1 it for him"; nei-ni-i-, ‘1 for 
him: thou for him.” 

We find in these forms the duplicate mi-ni-z, “I thee therein’ 
and “ for him'—=1 and 3 object; si-un-, ‘he for me," but ne-na- 
an-, *he it for me* and “he it for him.’ 

Poebel’s table of pronominal elements as used by the verb (p. 
45) is most ingenious, but not satisfactory, a will be shown, His 
classification 12 as follows: 


ladeed, Encino, Alsalars. bufia, 
rp. ra m (de and en) on 
2 Pp. c z = (and en) rn 
i tt " F c 
Collective 6 b 


This he has elaborated from his Paradigms. (pp. 7o ff); thus: 
ni-ta-en, ‘| pay"; is preformative + the 7 which contaims the 1 p. °; 
la root + en-suffix of the rand 2 p.; ni-la-en also" thou pay- 
est"; only here, he thinks, that his 2 personal ¢ is contained in the 
of ni, Ni-la-¢ also means ‘he pays,’ where the w=preformative 
of the third person connecting vowel i--root la+ 3 personal 
suffix -- The analysis of the forms, just given is my own, made 
from-what I believe to be his theory. The ‘-vowel for the first 
person again appears in the simple forms tdim, ‘1 made"; the 
e-vowel of the second person in edim, ‘thou madest' and the mo! 
the 3p. in indim, "he maile' (p. 78). Similarly a-tem, "TU brought’ 
(aa); a-mén, “LT am" (Clay); etum, ‘thon didst bring” and 
an-fem, * he brought’ (p. 80) seem to indicate the correctness of his 
idea, But, without entering more deeply into this ingenious and 
carefully thought out theory, it may be demofished by the simple 
fact that a~ (—a'), e- and w- do not always mean the 1, 2 and 3 
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persons, although a- and @ wswally occur in this sense. Thus, a- 
iidicates the 3 p.: a-rint-rinr-we = [-(i-bu-{ we), ‘they have been ini- 
mersed "; Kas-? a-ab-diu( RAR) =Fi-ho-ra i-ba-hee-di and. a-ne-ia-gi- 
=ik-!-fu, both clearly third persons, although the meaning of the 
stems is unknown (ct. Br, p. 548). On the other hand, @- generally 
indicates the 1 p. (Prince, AJEL. XIX...p. 211). The prefix e- is 
frequently used of the 3 p. as: mag, ‘he made"; e-gas, “he killed": 
e-gen, “he went’ (Delitzsch, $435 and $18yn). As for afi), 
Poebel himself gives examples cited above of m{j) used for oth 
the 1 and 2 persons, while for the 3 personal use, cf, Br., p. $43: n- 
sv==both tdw-s, ‘they know’ and t-di, ‘thoy knowest’; ngal 
(1K) ==t-ba-a5-$5i, “it is, etc. ad natseom, Ta other words, 0, ¢ 
and (i) appear used for all three persons indiscriminately with a 
preference in favor of the 1, 2 and 3 persons respectively. On the 
other hand, is Poebel correct in supposing that the suffixed fornis 
tn attached to verbs are characteristic of the 1 and 2 persons only? 
Az in the ¢ase of a, ¢ and # they appear indiscriminately for all three 
persons: wi-la-en," 1) pay"; “thou payest,' as cited-above, but srie-wn- 
fag-cn—=in-nag-gu-4, TV. R. 19, 48 b: mu-un-si-n-gi-en =ii-pu-ra- 
an-ni, "they have sent me,’ Br., p, 360. As to Poehel’s 3 p. -e, it, of 
course, occurs often with the 3 p.; cf, til(m)-e—jg-da-mar, Br., 
L4agg, ete, but also an-a-a0=1s-¢ = fte-Saoae-aitsn-su, “thou shalt 
cause him to seize it’; it is also a frequent sign of the imperative, 
as kieesakul, “eat thou’; wi-es=ri-da-an-ni, ‘have connection 
with me,’ Br,,:553- 

There can be no doubt that Poehel is right in giving w-2 and 
las the respective characteristics of the endings of the postposi- 
tive conjugation, as.-mu-, -cu- and -ni, -nwa- and -bi-, -ba- are the 
ordinary 1, 2 and 3 personal suffixes, respectively, of the pastposi- 
tive hil-clause: yet even here we find a variation, as the third per~ 
son alsa appears with the ordinarily first personal -mw in relative 
clauses. This is the so-called -nn of the third person which | be- 
heve I was the first to call attention to (MSL, XXX, $32). The 
best illustration of tt will be seen jn the following phrases from [V. 
R. 27, No, 1,.4-11: 

 dinig-ga Jar-Jar a nu-nag-a-mu 
bi-i-nw sa ing mt-sa-ri-e me-e da Leb 
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the grain which hath drunk no water in its bed; 
suger editi-na pa mii-sig-qa-new 

kiinit-niat-su ina ci-e-ri ir-ta fa ib-nw-0 

whose bod in the field no shoot has lborne: 
GIS-A-AM Sifa{ aT) ti [ne-ritt-ru (g ) -yid-dind 
il-dag-qu ja ina ra-H-dn fa t-ri-su 

the sprout which in its water-ditch is not planted ; 
GES-A-AM air-ra fraah—De-ra-sit 

(il-dag-qu) sa 1s-do-nuens (M-no-as-Tu 

the sprout whose roots have been torn away ; 

gu Sar-Jar-ra do wuenag-a-min 

qu-u So ing mu-so-n-¢ me-e lo 1F-fa-t 

the vegetation which in its bed has drunk no water; 

AC simular constriction to the above is undoubtedly that im 
ASKT., p. 122. 16: eri-cu-ka ig-gig-gd ak-a-nn—ana ar-di-ki_ io 
ma-ru-is-fem ep-su, “unto thy servant (fem) who has (lit. 
“makes "= ak) sickness.” 

It is perfectly evilent from the above examples that we have 
here a purely relative -me used with participles: This is probably 
identical im derivation with the demonstrative min- in the regular 
relative pronoun medi and also with the common mu-prefix of 
verbs, It is quite possible that this relative -mw was used to indi- 
cate-all three persons, like the mu-prefix in verbs. 

What then are we to conchide as to the pronominal use with the 
Sumerian verb? Is it possible to imagine a verbal system with 
no fixed method of expressing the pronouns? The existence of the 
practically fixed seeand personal value of the infix -ru- and of 
the very common ise of gd- as a first person would lead us to 
suppose that the verbal prefixes were really not indeterminate pro- 
nominally, even though Delitesch lave down the rule that there is no 
secon personal conjugation in Sumerian (p, 102), 

The existence of third personal elements has long been recag- 
nized. The difficulty lies in the apparently indiseriminate use of 
many verbal prefixes for all three persons and the fixation of this 
usage by Poebel’s undoubtedly vahinble equations, The question 
now is whether Pochel is right in supposing that there underlies in 
every case of a first personal usage the *-vowel, i. ¢., that om-, ‘1’ 
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stood for mu-", while ma, *he' did not contain this element. This is 
equally true of the e-prefix of the second person varying with #, 
cited by Poebel as: characteristic. Are we to understand an ¢-cle- 
ment hidden in every second personal equation; ha-, fm-, in-, wir, 
Hia-, wee-? The latter question must he answered in the nepative, 
because, us just shown, ¢ was not tised exclusively of the second 
person. An examination of the paradigms as given by me in thie 
paper will show the impprohability of such a proposition. 

The first thoughr which strikes the phildlogist studying this mave 
of apparently contradictory forms suggests ftir theory that in 
Sttmerian, a4 in other languages, person in the ver) mist have 
expressed by the tone. This idea 1 suggested in AJSL. XIX. 
PP. 205-205, but no Sanierologist has ever gone into the matter, Aft 
scholars in this line have preferred, cither to deny the distinction 
of pronouns ly the verbal prefixes of else to sippest a difference in 
quantity (Paul Haupt, Sfy., Pp. 19, 1. 6; Bertin, PSBA. V ( 1882-3), 
pp: 10ff). But a difference in quantity or “accent,” as some call 
it, would have been mdicated-at least by a prolongation of the vowel 
of the prefix. Real voice-tone would tot have been so designated, 
any more than it i= Chinese Wen-Li to-day. Granimatical tones 
actually exist in African Yoruba; as ily Fé, “thy heme" tt: ite ré 
(another tone), ‘his house’: in this language o—"thon’ but @ 
(another tone) "he, she, it.’ Nothing could he more aiieestive 
than this parallel (ef, S Crowther, “Grammar of the Yoruba 
Language" (London, 1852), p. 12), I cite it, not of course with 
the intention of connecting Sumerian with Yoruba, but simply to 
demonstrate the possilnlity of toned framimatiesa! elements which in 
not occur in Chinese. The three persons expressed by da-, Ti, in-, 
nti- anil me, the two persons by ma- and the similar apparently jn- 
discriminate use of the infixes, noted above, all point only to such 
a solution, which is fur more reasonable than the idea: that hidden 
vowels exist in such prefixes and jnfixes. 
present, how were they distinguished ? 
mscriptions to hetray their existence. ‘The Chinese do not indicate 
tones in their writing, because they are as readily understood by the 
reader of a living lnngriiage, 48 att English reader understands the 
distinction between words of identical sownd and difference of mean- 


If these vowels were 
There js nothing in the 
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ing such as “so, sow” and ‘sew’; ‘low'="below’ and the verb 
‘low,’ etc. Similarly, the Babylonian priest to whom Sumerian was, 
if not in later times actually a living tongue, at least a pronounced 
idiom, would never have thought of mdicatmg the tonal -differentin- 
tion of thé granimatical verbal elements. The very poverty of 
Sumerian phonetically and the apparent monotony of its consonantal 
elements go to show the necessity of supposing some special unindt 
cated means of differentiation. There seems to be every reason to 
suppose that such elements cited above as ba-, int-, in-, mi-, mt- in- 
dicating the first, second anid third persone in the verbal scheme 
mist have been tonally differentiatedl. 

There are only about eleven distinguishing consonantal elements 
in the language; viz, 6, probably—near object and near demon- 
strative: ¢=—=partitive; locative; means; g—precative and inten- 
tional ; hence, future (—also ng—=) ; g——pure precative optative, 
indicated herein by «;/ (rare )—n; m— demonstrative and relating; 
4, probably remote object and demonstrative; r—ethical dative; 
motion, direction towards, and perhaps rhotacism for z in the second 
person -ra; direction towards, similar to r, with which it may be 
connected etymologically ; #=—‘in' or * out of ': location in general ; = 
= pure second person, the only fixed consonontal grammatical value. 
Combine with these elements the vowels a direction and ¢ (*)— 
completed action, past and future, having:a force like the Slavonic 
“perfective” forms, not forgetting that ¢ may be the harmonic 
equivalent of ¢ and w of a, and we get @ reasonable explanation of 
most of the prefixes and suffixes of the language, particularly of 
the verbal prefixes treated ahove. See for a full discussion of these 
points, Prince AJSL.. XXIV. pp. 354-365, and also in Eneyele 
paedia Britannica, XXVI, p. 77. 

Poebel’s infixes (pp. 70 ff), all which are, of course, well known, 
I will amplify by the following examples for the sake of clearness: 
na, ‘to him’) tn-nd-an-ho-¢ = ngassw, ‘he gives to him'= a, ' to 
him" +n, ‘tt’ remote: in-neda-e, “he will pay to them” (-me)} cf. 
mi-ne-gen, “he went to him’; note that fa=="them, ar, p. 46, 
25; in-di-in-se, ‘he gave to them’; wra-la-e, ‘he will pay me’; here 
the mn stands for the 1 p.++ the directive a; mu-ra-la-c, “he will pay 
thee“: the aw contains the demonstrative m—- the tonal vowel of the 
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thir! person +-the 2 p. -ra-; jn-di-la-e. “he will pay to him"; 4, the 
perfective vowel + 1 —=remote:object ‘it’ ++ ai directive: inu-Fi-la-e, 
“he will pay tome"; the tonal wa of the 1 p.-b directive di, auc 
fi-la-¢, ‘he will pay for thee’: demonstrative m+ tonal w of the 
seconil person --+ perfective ¢; i(m )-ni-la-e. ‘he will pay upon (— 
for) it” = perfective i+ remote object m—- perfective ¢ azain -+ 
ny, really —=' therein '; ¢/m)-na-ni-la-c, “he will Pay 10 him upon it’: 
same as the above with the directive no-isert- b-ti-fa-c, “he will 
pay from it (out of it)’; perfective i+ nearer object p; ii) =n 
(0 )-ta-la-7, “he will pay to him from (out of Vat": game as above 
with directive #@+- nearer object b; ib-dasta-e, * he will pay together 
with it"; better * by means of it*: i ae above with the da of Meats 5 
mu-e-da-ia-¢, “he will pay together with thee’ demonstrative om 
with tonal. # of the secand. persom-+ perfective e+ da as above. 
Poebel's whole set of infix-paradigmsa may be explained satisfactar- 
ily following this system. 


THE HALL AND CORBINO EFFECTS, 
By EP. ADAMS. 
(Read April 22, 105.) 


About four years ago Professor Corbino’ described some effects 
which are closely related to the Hall effect, These new effects 
all have to do with the production of a secondary circular current 
‘na metallic tlisk when a primary tadial current is sent through it, 
and the disk placed ina magnetic field perpendicular to its plane. 
The only metal in which Corbina was able to detect any of these 
effects was bismuth, perhaps owing to lack bf sensitiverness in fit 
methods, hut more probably because he seems to have neglected to 
take the precaution of preventing circular currents in a parallel disk 
ised to lead the radial current ‘ito the disk under investigation. 
These circular currents would produce an effect which would largely 
Walance the effect sought. 

Last year Mr. Chapman ‘and I* measured this Corbino effect in 
twelve different metals. In two other tnetals. tin and zine, the 
effect was too smail to measure. The method of meaatirement con- 
sisted in measuring the current induced im a coil of wite placed 
parallel to the disk when the radial current was reversed about 
twenty times a second by a rotating commutator. 

The result of these measurements showed that the circular cur- 
rent (, produced, was proportional to the magnetic field, /7, and to 
the radial current, /, or 

C=alil. 


in the magnetic metals and in biemuth a js not constant but it de 
pends on the magnetic force. In all the other metals tried a appears 
to be constant, 
In order to compare this effect with the Mall effect, we may 
1 Physikalische Zeitschrift, NIL, pp. 50% yz, 19TT. 
2 Philosophical Magazine, XXVUL,, p, O92, tot 
a7 
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assume that the effect of the magnetic field is to produce an electric 
intensity at right angles ta both the tiagnetic force and to the pri- 
mary electric intensity, and proportional to their product and the 
sine of the angle between them. This we may take to be: 


= ch HE, 


where I” stands for the vector product. Applying this to the Cor- 
bino effect in a circular disk where r, is the external radins and r, 
the internal radius we find: 
i 
Oo akir 
where I is the whole radial current, &, the specific coniluctivity, 
and ¢ the thickness. Then the transverse electric intensity is 


ios eH 
as 2rkir 


and the whole circular current : 





mS tee CH, 


Therefore the constant @ is equal to (¢/2©} log (ry/r7\) 


We may now make the same hypothesis about the Hall effect. 
Here it is known that if a current | flows through a rectangular 
sheet metal of length /, breadth & and thickness !, there is a trans- 
verse difference oi potential given by | 


# being the Hall constant, The transverse electric intensity is now 


cH 


E EAL i 
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and thus the transverse difference of potential is 


Hl 


c= ; 


elm 


Thus 
- 
R= E’ 
The constant ¢ may be determined from both the Hall and Corhino 
effects. Experiments that Mr. Chapman has recently been making 
show that-c is the same when measured by the two effects. 

Now it is known that the Hall effect varies in sign from metal 
to metal. This change in sign may be imtroduced in the hypothesis 
hy supposing that the constant ¢ varies in sign for different metals. 
The experiments that have been male show that the Corhino effect 
changes in sign with the Hall effect. Thus there can be little doubt 
that these two effects ‘are essentially the same, and that any ex- 
planation of one effect will explain the other. 

Corbing also showed that when a disk carrying a radial current 
was placed in a magnetic field so that the normal to the disk made 
an actite angle with the dlirection of the field, a torque was brought 
into play tending to make the disk parallel to the field. If is the 
angle between the normal to the disk and the magnetic force, the 
mutial energy of the citeular current and the magnetic held ts 


W = << THES tos? o, 
Ker 


where S is the area of the disk, Thus the torque tending to in- 
crease @ is | 
— oN = STP sin 26. 
ag 
Mr. Smith has sucteeded in measuring this torque in four or five 
different metals, including bismuth, and the values of ¢ calculated 
from his results are in good agreement with those obtained from 
the messtirement of the circular current. 
The production of a circular current in a disk by a magnetic 
field acting on a radial cutrent implies an-increase in its resistance. 
PROC. AMER. PHIL, s00, LIV, 210 1, PRINTED JUNE 21, 1995. 
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This increase may be readily calculated. The rate of heat pro- 
duction by the radial currett is 


i log > 


okt * 





By the cirenlar current if is 
OPH log = 


fe arbi : 








“Sake (1 +H"), 


Tf f° is the conductivity of the disk in the magnetic fleld we may 
write the total rate of heat production whenia radial current J is 
sent through it 
! Fe 
J log rt 
‘axk't 


Thus 


pm a EEE or 7 ee, 


In this expression o is: the specific resistance of the metal and « its 
effective specific resistance in the transverse magnetic field. Now 
according to this view the resistance of a conductor should always 
be increased by a magnetic eld. It is known, however, that with 
some metals notably iron and nickel, the resistance is decreased in a. 
transverse magnetic field. Furthermore, the increase of resistance 
calculated from this formula is very much less than the increase 
actually observed. In the thought that the change of resistance 
might be dependent on the geometrical form af the wmetal Mr, 
Lester has measured the effect of a transverse magnetic field on the 
resistance of a number of metals, using disks. with a radial current. 
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His results are im good agreement with previous measurements 
made with wires and ¢trips. For example, im the case of bismuth, 
using the same disk that was employed to measure the circular cur- 
rent lie fourid, for a field Af — 5,000, 8e/o—=0,16, Now e210" 
for Ai=5,000, <o that CH*= 01, It is thus certain that some 
other influeice is effective in causing the main part of the change af 
resistance of a metal in a maguetic field; it is very probable that the 
fielil affecta the molecular structure of the metal. 

The interpretation of these results from the point of view of 
the electron theory of metallic conduction is nnsatisfactory. [| have 
worked out their theory? assuming free electrons in the metal that 
collide with the metallic atoms and obtained very simple expres- 
sions for the number of electrons in unit vohune and their time 
between collisions: The numbers so omained are of the same order 
of magnitude as have been obtained by other methods. But the 
difficulty of accounting for the difference in sign af the effect for 
different metals on any such simple theory indicates that if we are to 
hold to the electron theory of metallic conduction other forces than 
those resulting from collisions like those between hard elastic 
spheres must be supposed to act upon the electrons, The surpris- 
ing thing is that so much can be explained by the simple theory 
of electrons when all such forces are neglected. 

We have-seen that the Corbino effect is, essentially, the same as 
the Hall effect. In its measurement and interpretation the Cor- 
bino eifect has some important advantages over the Hall effect. In 
the first place it is not necessary to wee the very thin films that are 
required to produce measurable Hall effects. And in the second! 
place the alsenre of ihe free transverse botindaries render the in- 
terpretation of the Corhing effect simpler than that of the Mall 
effect. 

Patsext Puysican Lanoeatory, 

Perscrpon Usivemsrry. 
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SOME RESULTS FROM THE OBSERVATION OF 
ECLIPSING VARIABLES. 


By RAYMOND §&, DUGAN, Pat, 
(Read April 2g, rerg.} 


At Princeton we have heen using for over ten years a stellar 
photometer devised liy Pickering and similar to the one used for so 
many years to such good purpose by Wendell. This photometer has 
many virtues anil tut few vices. Its construction is such that the 
observer has the very comfortable conviction that nearly all the 
sources of systematic error he can think of are being rendered 
innocuous by the program of observation. [nh accuracy it is ap- 
parently excelled ly the electrical photometers alone. 

A large part of our researches at Princeton has for some time 
heen the observational and theoretical study of eclipsing. variables. 
From the beginning we were of the opmion that the patient dis- 
tribution of observations repeatedly throughout the entire period of 
light-variation might very possibly bring us several facts to repay 
us for the great labor involved. 

The first star eubjected to this process was RT Porsei2 ta4fg 
measures made during the years 1905-8, combined into a mean 
curve, showed at once the existence of a secondary minimum, 0.13 
of a magnitude in depth, and with satisfactory distinctness a slight 
change in brightness between eclipses. This latter change was in- 
‘terpreted to mean that the two stars are ellipsoidal and brighter on 
the sides facing each other. An asymmetry, established ith con- 
siderable certainty in the curve of primary eclipse, was found to 
prevail throughout the entire curve. Combining this with the 
knowledge of one component of the eccentricity derived from the 
observed displacement of secondary minimum toward the preceding 

‘See Contributions from the Princeton Uniy. Obe, No, 4, 
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primary minimum, Shapley bas recently explained this asymmetry 
as a Periastron effect—an incréase’] brightness of the stars when 
nearest each other, There is another possible explanation which L 
shall consider in connection with the third star. 

In 1909 the series of 18,384 measures of ¢ Draconis was com- 
pleted. Evidence of a very shallow secondary minim, only Six 
or seven hundredths of a magnitude in depth, displaced slightly 
toward the following primary minimum, was clearly found. Ellip- 
ticity of figure and exchange of radiation were again demonstrated. 
These two effects have been abundantly verified in other cases. 

The theoretical representation of the observations of both RT 
Persei and ¢ Draconis just at the beginning and end of eclipse 1% a 
little unsatisfactory—the theoretical curve starts to drop more 
rapidly than the observed curve, ‘This is possibly evidence that the 
‘stars are darkened toward the limb—hke the sun. 

It was hoped that the observations of RV Ophiuchi would not 
only demonstrate the existence of darkening toward the limb but 
would determine approximately the degree of darkening. But 
darkening seems to be yery elusive sometimes. The observed 
stcondary minimum is barely deep enough for the uniform solution, 
and a darkened solution requires a still greater depth. The well- 
determined primary minimum is strongly asymmetrical, The inter- 
radiation effect is about the same as in the other two stars, while 
the ellipticity is much greater. This latter fact when considered 
with the anticipation that the ellipticity effect would in this case be 
too small to detect—on account of the large distance between the 
component stars—is somewhat disconcerting. Then too there are 
several well-defined hollows in the curve—a conspicuous one just 
after primary and another just after secondary—and a Jong stretch 
hefore secondary when the star is much brighter than betore pri- 
mary. The only satisfying method of solving the curve seemed, 
therefore, to be a least square solution of the whole curve—a pro- 
cedire hitherto avoided. The final theoretical curve, representing 
our present knowledge of the causes of light variation of these stars, 
is the result of the solution of forty-two equations with seven 

'See Contritiutions from the Princeton Univ, Obs., No, 2. 
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unknowns. The probable errors are of satisfactory smallness, con- 
sidering the amount of asymmetry. 

It seems necessary in this case to face the fact of asymmetry 
unflinchingly. The secondary minimum gives no evidence of an 
eccentric orbit and the consequent possibility of a magnified peri- 
astron effect, The most conspicuous asymmetry is a greater bright- 
hess from middle of primary eclipse through to secondary than on 
the other side. A sine term of the first order with an amplitude 
of three himdredths of a magnitude takes care of the greater part 
of this. The existence of this sine term would probably: indicate 
that the advancing side of the bright star is brighter than the follaw- 
ing. If such were the case, then the loss of light during the carly 
Stages of eclipse—when the brightest part of the disk is being 
coverecd—amil the gain of light right after totality would both be 
more rapid than would be the case if the disk were uniformly bright, 
as was-assumed for the least square solution, The divergence from 
the theoretical curve of the well observed branches of primary 
iminimuny is in this anticipated direction and it is of about the right 
amount. A similar asymmetry has already been remarked in the 
curve of RT Persei and is probably also, at least in part, due to this 
cause, This suggested explanation is of course not new. but the 
evidence is apparently strong that the advancing side of the brighter 
component of some Algol variables is brighter than the following 
side. After this sine term is removed from the curve of RE 
Ophinchi, there seem to be other changes in lrightness of an amount 
small but seemingly guaranteed hy the probable error, 

In the system RT Persei, one star ia one and one third times as 
large and five times as bright asthe other; ins Draconis; one star is 
thirteen times as bright as the other but just about equal to it in 
size, The eclipse is very deep and nearly total. In RI’ Ophitichi 
one star is twelve times as bright as the other butt smaller, The 
brighter star ts entirely hidden behind the fainter for about an hour, 
The two stars are farther apart than in the other two-systems Tut 
they are apparently much more elongated, 

During the seven years since completing the light-curve of RT 
Perset I have observed through an decasional Primary minimum 
both visunily anil photographically. Recently 1 have observed two 
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gecondary minima. The eclipses are now coming over forty minutes 
earlier than they are predicted by the elements delermined from the 
original series of observations. This is very surprising in view of 
the accuracy with which the elements were determined. These ele- 
ments were determined mainly from a large number of well ob- 
served minina grouped quite closely about two epochs about 7oo 
periods’apart. If the time of eclipse is fixed by the observations 
within a half-miniute in cach of these two regions, then the period 1s 
known to one-tenth of a second. In cases where both hranches of 
the minimum were continuously observed it seems hardly possible to 
change the observed time of any individual minimum by more than 
one or two minutes, and still represent the observations closely. 

The photographic record of RT Persei, generously furnished me 
by Professor Pickering, showed that at —7.500 P, or 17)¢ years 
before the zero epoch, the eclipses were about 160 minutes late, The 

average period, then, is nearly a whole second shorter than the period 

determined from my original series of observations. This shorter 
period should have cased my observed minima to run off ten 
minutes from the predictions during the interval of 7oo periods, 
This is intolerable, Beside my own observations, there are a good 
many observations by Wendell and several by Graff available. Of 
course a single estimated photographic magnitude is not nearly as 
accurate for determining the time of minimum as a series of phota- 
metric observations right through the echpse. 

Making now the correction to the shorter, average period, I have 
plotted the new residuals; and find that two periodic terms, ofte 
running its course in 12,000 eclipse-periods, or 27/4 years, the 
other in one-third this time, or 4,000 periods, with eoeficients of 
twelve and five minutes respectively, going through their zero values 
on the up grade together, fit the observations pretty well. The 
smaller period is of the order of magnitude of that to be expected 
from the revolution of the line of apsides caused by the observed 
prolateness of homogencous stars. The amplitude is of the size 
to be expected from the smallest value of the eccentricity in accord 
with the observed shift of secondary minimum. 

The important question, and one which is difficult to answer, is 
whether the time of the secondary eclipse shifts in either of these 
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periods, The revolition of the line of apsides in the shorter period 
would cause the time of secondary minimum to oscillate back and 
forth to an extreme of ten minutes before and after the midway 
point hetween successive primaries. 

The evidence is both scarce and somewhat uncertain. The en- 
tire secondary eclipse amounts to a drop of but little over a tenth of 
a tmhagnitude, An isolated photographic estimate of brightness is 
of hittle value here. Even from a continndns series of photometric 
observations, it is difficult to fix on the time of mid-celipse within 
several minutes. Ay own observations, weighted according to the 
‘apparent certainty with which they determine the time of mid-celipse, 
indicate rather strongly the shift in the time of secondary eclipse in 
the shorter of the two periods. The few observations by Wendell 
do not furmsh any very strong evidence for or against this result. 
In no case were his observations carried through both branches of 
the eclipse, and consequently they do not determine the time of the 
eclipse with much accuracy. What disagreement there is: is in the 
same direction as in the observations of primary eclipse—for some 
reazon the Wendell times of eclipse are nearly all earlier than mine. 
The evidence in hand at present points to a revolution of the line of 
apsides of RT Persei. IT hope to observe occasional primary and 
accondary minima of this star during the next few years. 

As a bi-product, I have determined the photographic curve from 
the Harvard observations and compared it with the visual curve of 
primary minimum, According to the observations, the eclipses in 
the two remons of the spectrum are of the same duration and the 
same depth, but the curves follow different paths. This is too 
strange a result to be taken very seriously, considering the paucity 
of the photographic material, T have, however, one minimum which 
f observed through a blue color screen made for the purpose. 
Through this filter the minimum was observed about 0.15 magni- 
tude deeper than without the filter, So 7 conclude that the obser- 
-yations at the bottom of the photographic curve, which are few in 
umber, are to be disregarded and the curve extended to the greater 
depth given by the color-screen observations. ‘The difference in the 
character of the two curves indicates that when one-star js in great 
part covered up, the light of the svstem i4 more reddish than when 
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they both shine undimmed. Either one star is redder than tle 
other, or the eclipsed star is: redder toward the limb than at the 

= Draconis has been an equally interesting surprise. The aver- 
age period is quite a little longer than was supposed. Some time 
ago it shortened wp with great rapidity. The tap and bottom of 
this sharp decline are well determined by observations from quite 
a Variety of sources. The two Sine terms combined in this case 
have periods of 7,200 and 2,880 eclipse-periods and nearly the same 
coefficients as in RT Persei—ten and four minutes respectively. 
The prolateness and eccentricity of = Draconis are about the «ame 
a4 those determined for AT” Perse. 

The secondary minimum of z Draconis is only 0.06 magnitude— 
half as deep as that of AY Persei: ‘the observations of the secondary 
mitimum are few and were all taken within a brief interval, and 
they furnish very httle evidence. ‘This star must also be kept under 
frequent observation, When observing this star with the 23-mch 
it requires a determined effort to see it at all when in the middle 
of its deep eclipse. 

The greater depth of the photographic eclipse comes out very 
nicely in the case Of = Draconis.. As the eclipse increases, the light 
from the star becotfes redder and redder, At deepest phase ntore 
than half the ligtt 1s known to come from the famter star. It is ap- 
parently much redder than its far brighter companion, a fact which 
is doubtless to be expected. 

Lastly, in reducing the observations of RY) Ophiuchi I found it 
necessary to predict the minima with a sine term of about 1,600 
periods, and of small amplitude. The photometric history of RP 
Ophiuchi is short and incomplete compared with that of RT Persei 
and ¢ Draconis, and no conclusions can safely be drawn from this 
result, 

Paixceton Untveesrry, 

April, roqs. 


SOME PRESENT NEEDS IN SYSTEMATIC BOTANY. 
By 1. H. BAILEY: 
iRrad April 27, rors) 


Lf an editor were to survey the families and genera and species 
of the vegetable kingdom, he would find himself making compart- 
sons and drifting to conclusions respecting the character:of the sys- 
tematic work ad the worth of various contributions. Many of 
these conclusions he might not be able to analyze. They might be 
very tnmuch in the nature of impressions, and yet they might be felt 
#0 strongly as to be convictions, It is a vast field that his oversight 
would cover, and the bases of comparisons would be of the most 
various kinds, yet the convictions in very many cases would be 
concrete. It may be well to consider for the moment some of these 
possible convictions, of course in no spirit of captiousness, but to 
bring other pomts of view on some of our common problems, even 
though these points of wiew may not always be Gpable of direct 
application. 

Very likely, his first feeling would be a consejoysness of the 
great variety in the methods of the monographs. The systematic 
work is rapidly specializing, and the specialists make their own 
criteria, The result is a marked diversity im the work, which 
all the effort® at standardization do not very much control, Prob. 
ably, Bentham and Hooker's “ Genera Plantarom” is the last of the 
comprehensive works to be brought to a completion by a single 
person or by two or three persons working as one. ‘This is suc- 
ceeded hy the editorial work of Engler and Prantlin “Die Natar- 
lichen PAlanzenfamilien,” and later in more detail by Engler in * Das 
Planzenreich.” Floras of countries and regions tend more ani 
more to be constructed editorially, with contributions by specialists, 
All this results perhaps in closer work in the specialtics and the 
details, hut it may lack in coordination and in the balancing of the 
parts. | 

on 
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Probably all the larger conclusions by our hypothetical editor 
would be derived from this general situation. No longer do we 
have the controlling authority of one man, holding the work steady 
and maintaining a homogeneous method. I well remember a re- 
mark that Asa Gray made about his Composit, on which he had 
worked so long and so lovingly, seeing the end of his time and. fore- 
secing the change of his method, T remember alsa that in those 
days I was somewhat violently interested in nomenclature and 1 
proposed to publish on it; but Gray gently dissuaded me: it was 
some years before I understood why. 


A SITUATION In: NOMENCLATURE, 

In proportion as we lose the influence of a single Controlling per- 
sonality, or of a few personalities working in an anderstood har- 
mony, do we resort to arbitrary and conventional methods af 
codification. This is well iluetrated in the convulsions in. nomen- 
clature in recent years. In this country, for example, with the 
passing of Gray, we began to give up the combination of two words 
as the name of a plant, and to substitute the oldest specific namic 
brought down through any number of genera. Intrinsically, one 
method is as good as the other, but we soughit to atrive at uniformity 
by rigidly adopting one of them. A train of difficulties has followed 
this and other innovations, and instead of Anding ourselves in full 
harmony of action, with one uniform practice in nomenclature, we 
have two or three or several practices, and toa considerable extent 
exch worker making his own, The present situation in namen- 
clature is a vivid illustration of the failure of arbitrary means of 
standardization. The situation also has a social significance, as | 
shall attempt to suppest. 

The probability js that we should have arrived at our destination 
sooner ond with no greater confusion if we had allowed the situa~ 
tion to work itself out without formal regulation, recognizing more 
fully the principle of usage which im the end controls all language. 
We have probably made a mistake in endeavorme to substitute 
arbitraty priority for stability; at all events, we might have saved 
ourselves thé very amusing exercise of upsetting a well estalilished 
name for the purpose of substituting an older name in order that 
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we might make the name ‘stable, It looks now as if usage were 
after all ta control in the en, and in come regarile quite independ- 
ently of arbitrary regulations. “The principle of undeviating priority 
has not yet controlled for any length of time in the development of 
language. lt is a false premise. 

Lam not now arguing for a return to any older or prior method, 
nor in challenge of any current practice, and certainly not in-criti- 
cm of any group of workers, for we shall probably outgrow our 
conventionalities sooner by working with them rather than against 
them, But I must protest, as I have protested many times before, 
against the assumption that the names of plants belong to botanists 
10 do with them as they will. This is only another wav of saving 
that these latinized names of platits are rightfully a part of language 
and ate not mere formule or symbols to be used only by insiders. 
We desire that the public shall tse this language We publish our 
tmattials with this purpose. We try to make plant books simple, that 
they may be popular, We take pains to spread the knowledie of 
jilants and thereby to promote the love of ature. There are thous 
ands of persons who sell plants, and the names become established 
in trade-and represent commercial values. These values cannot [yee 
shifted readily from name to name; and if one makes a plea for 
correct nomenclature in plantsmen’s catalogues and lists, one re- 
eeives the reply that it is scarcely worth the while seeing that the 
hames change so frequently, The custom of shifting the names is 
amdoubtedly directly responsible for much af the disregard of new 
nomenclature on the part of dealers; and we must remember that 
the use of these kinds of names among the picople is probably pro 
moted more by the plant dealers than by the botanists, I judge that 
the botanists have not yet succeeded in secuting the active and free 
cooperation of this great class of people. 

OF course we are to recognize that much of the-change ia in- 
evitable, that, in fact, it is a consetuence of new and closer studies 
of the groups, resulting in a clearer understanding of peneric anid 
specific limitations. This is a contribution to knowledge which 
everyone must accept. [hut there is a class of changes which does 
not have this justification. Tam conscious, in making inquiries, 
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that the first thought of some particularists appears to be a desire 
to see whether it is possible to change the names. 

Nor am I yet ready to leave this subject, From a successful 
and sincere public lecturer, who is trying to lead the people to a 
knowledge of animals and plants, I had a request for aid containing 
the statement that he could devote only a little time daily “to the 
study of Latin-and I want to get only a sufficient knowledge: of it 
to enable me to know why the gipsy moth js called (Porthetria 
dispar L.) and whether Kaphamus raphanisirim means 4 plant, an 
insect or a tribe of elephants.” This person, of course, had not liad 
a college training in these particular subjects, but he is not ignorant 
wor inattentive. He writes that he has abour 2,000 bulletins, many 
bound volumes and a special cyclopedia, nearly all of which material 
is classified, using a card-indesx. “ It has taken a lot of work to do 
this but as | cam spare from farm lahor only about an hour, each 
day for study I find the index is a great time saver by showmg me 
just where to find what [want.” This man will accomplish much 
with his methods of contact. But consider the position of this man 
tf to a compheated system of nomenclature we add a continuous 
tendency to change: and 1] think it is fairly our obligation to con- 
sider his position, 

When we feel within us the desire to change the namics of 
venera and groups, let us think well of this man and his carefully 
considered hour—what it would mean to him in cross-referencing, 
in indexing, in the readjusting of his work. Hf it is to bring new 
knowledge that we cannot so well record otherwise or indispensable 
definitions, very good ; hut the burden of proof always rests on the 
new name. The work with names is fascinating, even captivating, 
and every change identifies the worker with it; but we are not to 
forget that some of this work -is- likely to be of the kind that, in 
‘other fields, might be called pedantry. 

Bear with me further while I call your attention to the fact that 
we are not only changing our plant names with apparent disregard 
of the users of them, hut that we are also making them more com- 
plicated, To the name of the plant—genus and species —we add 
the anthonty. We now amit the punctuation and thereby make the 
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author in effect a part of the mune, Wher the combination of two 
words was held to constitute the name of a plant, the author of 
the combination was sufficient for identification; bit with the single 
word system we catry the author of both the original specific name 
and of the new combination, and the whole Lecomes something like 
a complicated’ formula. This ts a convenience to the worker with 
plant names, but he is not the only party concerned ; itis needs may 
be served in the citation of ‘the synonemy, His oblization to the 
public is to present the simplest possible name amd the feast in- 
volved. If the history is to be retained. in the name-compound, 
where may we not stop and how complicated may our formula 
finally become? We may in time evolve a phraseology, or an alge 
braic form, as complicated as some of the pre-l.inncean custome: 
We are really confusing two things;—nomenclature and bibliog- 
raphy. We should separate citation fram nomenclature. We have 
no right to inflict the public with our taxonomic book-keeping. 

There ate three pressing needs in our present systematic botany, 
as I see jt, One of these needs I have now tried to suggest, which 
is the urgency to subordinate the nomenclature question. This is 
specially important ina democracy, where we desire to give all 
qualified persons equal chance, where we are supposed io remove 
hindrances and arbitrary domination by central authorities and to 
allow the people to express themselves freely. The public has teal 
rights m the names of plants. Soon we must stop playing with 
names, | 

AU SITUATION AS To Srecits ayn Genewa. 


The oversight that we assumed in the beginning would undouty- 
edly discover other interesting situations in our systematic work, 
What these comparisons might be would depend, of course, on the 
particular person who made them: but in respect to the American 
work, with which at the Moment We are mostly concerned, any per 
son could not fail to admire the quality of the monographs and 
lesser contributions, Although systematic botany may oreupy a 
suberdimate place in our teaching, it is receiving extensive and very 
expert attention both from amateurs and from those attached off: 
cially to the great collections, and the published work js anch aa io 
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give us much pride. Ability of a high order continues to express 
itself in this field, 

We have noted the tendency to specialize. Persons become ¢x- 
pert in certain detached groups of plants. We became most skillful 
in detecting the differences that may distinguish species, but it may 
be doubted whether we are equally skillful in bringing together the 
agreements that may formulate genera. We seem now to be ddis- 
covering separateness. It does not follow that one who has nice 
judgment on species necessarily has equal authority on genera. The 
fetlency to break vp our old) groups into many genera, is -apparently 
the reault of the application of the specieshabit. It is a great 
question whether the method of separation is the proper one to 
apply equally in these two kinds of cases. 

Perhaps we cannot hope for much result in the standardizing 
of the species-conception by our methods of herbarium work, but it 
ought not to be difficult to arrive at some kind of an agreement on 
genera. We may well consider the advisability of being progressive 
in searching out the ultimate specific wnits—so far as there are 
such units—at the same time that we hold a conservative attitude on 
genera, for we can scarcely assume that there are ultimate generic 
lines: Thereby we might make a truthful presentation of the vege- 
table kingdom at the same tinie that we avoid vast changes in 
nomenclature. 


A Sirmation AS To Tie Living MATERIAL. 

With the needful specialization of the systematic work, we find 
ourselves with very unequal treatment in the different groups. This 
ineejuiality is perhaps the most outstanding characteristic of our 
present phytographical publication, It is impossible at present to 
compile a general work with any clear approach to uniformity of 
handling in the different genera and families. This is dwe in part 
to the fact that some of the groups have been recently worked over 
whereas others still retain a traditional treatment, Nor is it desir- 
able that there shall be rigid codification on genera, for we need the 
judgment of different workers and this necessarily leads to: non- 
itiformity ; the specialist is entitled to his method; and yet the im- 
equalities in interpretation appear to be so great in many Cases as lo 
amount to inharmony and ever lo confusion. 
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While there is more hope in the standardizing of genera than of 
species, it is within the possibilities to arrive at some kind of agree- 
ment on specific values, but this is not to be expected as a result 
of codiheation or regulation: it mst be a real agreement by men 
who are brought together on a new kind of study of a common 
line of problems. 

As I have already indicated, I would not expect or even desire 
a dead uniformity of treatment in any range of systematic works, 
and least of all in species. It would be a great misfortune to lose 
the expression of personality in even such formal work as’ this: 
But there is need of a closer understanding ag to the essential facts 
in the treatment of the members of a genus, If one were to look 
over Erythrina, for example, one would find about 50 species recog- 
tized, native in warm countries in the two hemispheres; and while 
there is much «ncertainty as to the characters of given species, 
one would not find very wide disagreement Metween the different 
authors, If next one were to look on Eschschollsia, one would find 
a Wholly different state of things, notwithstanding the fact that this 
genus is confined to western North America. Gray saw about a 
dozen species in this genus; Greene, with more material to work 
Gi, saw 112 species; and Fedde sees 123. Jepson, who has studied 
ther with care in the field, is not able to see a great number of 
species, although he finds tumberless seasonal and other forms; 
and he does not see mich hope in solving the Eschscholtzia puzzle 
by the usual study of herbarium material but rather by combined 
field and: cultural studies.” 

And here ts the particular suggestion [ desired to make in the 
writing of this paper—that a few groups: be worked out very care- 
fully by growing the plants under observation and aa far as possible 
under conditions of control and always, of course, in compansan 
with living feral material. Such studies might require some yeara, 
every in a relatively small group: very good—the results would he 
all the more convincing, Ii a half dozen groups could be worked. 
over in this way, with discussion of the living material by standing 
committees of some recognized association, we should very Jikely 
arrive at a basis of judgment stich as the present collecting and inci- 
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dental field notation and indoor study of dred material can never 
give ws, The conclusions —or the points of view, if conclusions 
were Impossible—would be invaluable in bringing ts to an under- 
stanting and therefore to a substantial agreement on some of the 
matters that ate now most perplexing us. This is now the greatest 
need in systematic botany. 

This: means that we should now study life histones with the 
purpdése to apply the knowledge in systematic work. We ‘shall 
come to the end in due time of the inventory process in describing 
new species. After a time we shall consider it to be scarcely worth 
the while to carry the separative process very mutch farther, and 
we shall then undertake a synthetic process of building up the forms 
into species-values. The current studies of variation and of plant- 
breeding are bringing us to a new pomt of view: it is now time 
that we begin the incorporation of these methods into our systematic 
worl. 

Immaca, N.Y, 

April 21 191s. 
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THE VARIABLE STARS TI, TW, TX CASSIOPELE AND 
* _f LEONIS MINORIS, ~ 


By R. J. McDEARMID. 
(firad Apnl ag, mia) 


The four Algol variable stars TV, TW, TX Cassiopeia and T 
Leonis Minoris have been under observation by the writer for the 
last three years with the polarizing photometer attached to the 
23-inch equatorial of the Princeton Observatory, 

The total number of measures made on the four systems is over 
"35.000, distributed among the four stars as follows, T/* 0,920, 
TW 13,728, TX 8.486 and T Leonie 3,793, The light curves of the 
first three are well defined, while the observations on the last system) 
are not so complete, The periods of the light variation with the 
exception of TP Cass. have been determined from my visual oh- 
servations combined with photographic measures kindly sent me by 
Professor Pickering, of Harvard, 

The systems will be discussed im slightly different order than 
the above, the more important Jeft to the Jast. 

The system TI’ Cass. has heen observed hy other astronomers, 
ani] notes published pronounced it as irregular in its variation, later 
Zinner found it regular in its variation and of the Algol type with 
a-period t* 10" 16.6", From the discussion. of the Princeton ob- 
servations | found that the period was double the published period 
and instentd of one eclipse there were twa differing hy 0.05 nmgni- 
tude. The double period is confirmed hy the three observed phe- 
homena, Ist, the difference in depth of the two minima of Q.05 mur, ; 
2d, the interval from primary echpse to seconilary is +8 minutes. 
longer than from secondary to thie fallowing primary; gd, the 
primary eclipse is 36 minutes longer in duration than the secondary. 
Tt is from the knowledge of the last two facts that we ate able io 
determine both components of the eccentricity—the quantities ¢ and 

(longitude of periastron). The period is 2 days, 20 hours, and 
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33-6 minutes and the two eclipses have a depth of 6.62 mg. and 
0.57 mg. respectively, From.a discussion of the light curve follaw- 
ing the theory as outlined by Professor Russell in 4. J. 36, 5:36, 1 
results were obtained giving the dimensions of the system in terms 
of the radius of the oriit. [ft was found that the two stars were of 
nearly the same size and had the same surface brightness. 

Inthe case. of 7 Leonis Minoris a5 m TH Cass, we have two 
minima, they are however of very different depth, the primary 
having a loss of 2.46 magnitudes while the secondary has only 0.05 
magnitudes. The period is 3 days, o hours, 28 min., and 380 sec., 
and ia accurately known. Combined with the visual observations 
[ have. used the Harvard photographic measures as far back a 
1589, and haye been able to establish a definitive period. The ab- 
servations are not so complete az in the other systems, the length 
of the period being so nearly three days; also weather conditions at 
special times have entered largely into this. 

From a study of the light curve along the lines of the eclipsing 
theory it has been found that the stars are of nearly the sume size 
but are very different in. surface brightness, the ratio being 1:18. 

The third system T7” Cass,, whose peried, 1 19" 307 11.7%, haz 
long been known, having heen observed by Ashbury and Yendell, 
was piace under observation in Cetoher, 1913, at Dr, Shapley's 
stiggestion. At that tinie nothing was known about the secondary 
eclipse, From my observations it was found that a secondary 
eclipse of 0.0) magnitude did really exist, coming 21 minutes before 
the time of mid period. ‘The orbit af the system like that of TIF 
Cass. is eccentric, but in this case the components of the eccentricity 
can not be separated, 

In the two previous stars it was found from the light curve that 
the stars were of constant brightness between eclipses. The light 
curve of TP Cass. is somewhat different as there seems to be a 
gradual rise m the curve between primary and secondary eclipse 
which corresponds to an increase ii brightness of the system. The 
explanation is, thatthe radiation of the bright star on the side of the 
fainter one as they approach the time of secondary eclipse tends to 
brighten its surface and thus give rise to the phenomenon observed 
in the light curve, From a study of the light curve it was found 
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that the fainter star was twice as bright on one side as the other, 
The stars are nearly equal in size with a ratio of surface brightness 
of 175.5, In this system the depth of the primary eclipse is 1,05 
magnitudes and its duration a littl over 6 hours. 

The last ‘system, TX Caas., ts the most mteresting of the four 
stars treated here. It was announced come years ago as being at 
irregular variable; later its period was given by Zinner with the 
note, that the period was probably changing. It wis parily on ac- 
count of these published notes that « thorough study of the light 
curve of the star was carried out: Owmg to the nature of the _ 
variation the star has proved to be a difficult system for photometric 
study. The eclipses, primary and secondary, which tulergo a 
loss of light of 0.54 and-0.33 magnitudes respectively and last over 
18 hours, are difficult to observe, im fact it is impossible to obtain a 
complete ninimum on any one night even during the long nights. of 
winter. The Harvard photogarphic measures have again proved 
to be of extreme value and by combining them with the visual 
observations T was able to establish a definitive peroid. The period 
ig 2 days, 22 hours, £4 min,, and 417 sec. 

In the systems so far discussed the stellar dise was considered 
of uniform surface brightness: Assuming this to ie the case with 
the system TX Cass. it was found that the observations could not 
be represented at all satisfactorily; the deviations were in many 
eases three times the probable error, On the other hand assuming 
the stellar discs to he similar to the sun bright at the center and 
decreasing in brightness toward the edge, a very satisfactory repre 
sentation of the observations was found. The hypothesis of dark- 
ened dises seems to be the correct one as it is confirmed by the 
nature of the eclipses; the secondary eclipse is total with a constant 
phase of six hours while the primary eclipse has no constant phase 
and the curve is distinctly round bottomed showing that the varia- 
tion js continuous. This condition would exist with darkened dises 
in case of on annular eclipse, and since the secondary is total our 
natural and legitimate conclusion is that the primary js annular, 
The system TX Cass. seems to offer very strong evidence in support 
of darkening toward ‘the limb in stellar systems, 
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The light between eclipses does not fenuin constant; the light 
curve is distinctly bowed up, showing the stars are elliptical in shape 
and have their greatest brightness when we see them broad side on. 
This is the condition midway between eclipses. From the study of 
the light curve it was found that the stars are very different m size, 
with the stars neatly of the same brightness having a ratio of P21.5. 
The ellipticity of the stars can best be shown hy giving their dimen- 
sions expresseil in terme of the radius of the ortnt. 


Major Asia tHince Avie 
Big ptar “TRELECOP CTE ad, O29 bh, = O519 
Srtall star <2 ep ye ecceeeer eases OS b, =o270 


The stars in this system are very close together. 


AN INTERPRETATION OF STERILITY IN CERTAIN 
PLANTS! 


By E. M. EAST. 
(ead April 23 174s) 


It is obvious that it is impossible to investigate the cause of 
sterility in hybrids by the pedigree culture. method when such 
sterility is complete. OQocasionally, however, one finds hybrids 
which are mot wholly sterile. Sueclt is the case in the historic cross, 
Nicotiana rustica L. 4 Nicotiana pawiculata L This hybrid holds 
an envinhle position in experimental botany, sittce it was the first 
artificial hybrid to he studied, It was made hy Kolreuter in 1760 
and was studied by him for several years by means of back crosses 
with each parent. 

This cross T repeated in 1900, using as the N. rustica parent a 
small variety N. rustica iinmilis Comes obtained from Dr. Comes 
through the kindness of Dr. D. G. Fairchild: It has now heen 
studied through five generations both in the field (general ntorphol- 
ogy) aril in the laboratory (histology and cytélogy), The essen- 
tial points noted, as I-see-them, are as follows: 

Two species: giving extremely uniform progeny when selfed 
have, when crossed, given an intermediate F, population as uniform 
as themselves, and an inordinately variable FL population, 

The germination of F, seeds varies in different samples from 
20 bo 60 per cent. 

Practically no two IF, plants are alike, and the parental forms 
are recovered once in every 100 to 200 F, plants, 

In F,, from 1 to 6 per cent. of the 2 paimetes are functional, It 
is impossille to determine the percentage of viable 4 gatnetes formed 
from the pollen mother cells, Int from 2 to 6 per cent. of the 

‘Tt #4 imponsible to reproduce the photographie shawn by means of tan- 


tern alides, but an illstrated paper giving the details of the investizution is 
to he poblmled shortly. - 


70 


iz] STERILITY IN CERTAIN PLANTS. 71 


pollen found 1 morphologically pertect. The nuittiration diffieulty 
in spermatogenesis is largely at the first spermatocyte division. 

F, plants are as fertile miter s¢ a5 in back crosses with either 
parent. 

Segrezition of determiners for fertility occurs in F,, so that by 
recombination some perfectly fertile plants are obtained in Fy. 

Nearly all fertile F, plants selfed give only fertile progeny. Oc- 
casionally a fertile F, plant selfed may give 8 slightly non-fertile 
daughter, 

Numerous combinations that should be possible in F, are amitted 
in the population obtained. Combinations approaching NV. rustica 
seem to be more frequent than those approaching 1. paniculata. 
Many more homozygous combinations occur in F, than might he 
expected. 

Perfectly fertile plants giving perfectly fertile progeny. hetero- 
zygous for many allelomarphs, do occur in FF. 

No more than a very general formal interpretation af these facts 
can be made at present, but assuming that the chromosomes carry 
the hereditary character determiners, antl that these react with the 
cytoplasm under proper environmental conditions to build up the 
eoind, attention is called to the following possibilities of satisfying 
the conditions imposed by the data, 

1. ‘There ts selective climination of F, zygotes. 

>. There ik no evidence of s#lective fertilization. (1 infer this 
from the fact that F, plants are as fertile mfer se as in backerosses. } 

3. The'selective elimination of non-functional ganyetes that must 
oceur in Fy and the recombinations of functional gametes that give 
different grades of fertility in F, cannot be interpreted by a Mende- 
tian factorial notation without subsidiary assunmmptions, but possibly 
may be the result of one of the two following hypotheses: 

(4) Through multipolar spindles, mating of non-homologous 
chromosome pairs at synapsis, oF other mitotic aberrations at the 
reduction division, the 24 chromosomes characterizing cach of the 
two species may be irregularly ilistributed at gametogettesis, If 
some of these irregular gametes may function, the majority of the 
experimental data are satisfied, but there are reasons which there is 
not time to consider which make this scheme. improbable. 
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(8) On the other hand the facts may be interpreted without 
assuming irregularities of chromosome distribution if (1) there is 
a group of chromosomes in cach parent that cannot be replaced by 
chromosomes from the other parent: if (2) there is a group of 
chromosomes from each parent, a percentage af which may be re- 
placed by chromosomes from the other parent, but where fune- 
tional perfection of the gametes varies as their conatitution ap- 
proaches that of the parental forms; if (3) there are other chromo- 
somes that have no effect on fertility and therefore can promote 
recombinations of characters in the progeny of fertile F, plants; if 
(4) a naked male nuclets entering the normal cytoplasm of the ege 
in the immediate cross can cause changes in the cytoplasm that will 
affect future reduction divisions; if (5) this abnormally formed 
cytoplasm is not equitably distributed in the dichotomies of gameto- 
genesis in the F, generation; if (6) it follows from (4) and (5) 
that F. zygotes may be formed which are less perfect in their 
gamete forming mechanism than those of the F, generation; and 
if (7) the heterotypic division af rametogenesis does not necessarily 
form two cells alike in their viability. 

Bussey Instirurion, 

Hanvano Lxiversrry, 
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ADDITIONS TO THE FAUNA OF THE LOWER PLIOCENE 
SNAKE CREEK BEDS (RESULTS OF THE PRINCETON 
UNIVERSITY 1914 EXPEDITION TO NEBRASKA). 


Br WILLIAM |, SINCLAIE. 
(Xvad April 2. 1915.) 


One of the objects of the Princeton University to14 Geologic: 
Expedition to Nebraska was to acquire, if possible, fossil bone: 
from the Lower Pliocene Snake Creek beds of Sioux County, partly 
to fill out the exhibition and study collections of the Department of 
Geology, which were lacking in Pliocene vertebrates, and, partly, 
to obtain some additional light on the fauna of the Great Plains 
region in Lower Pliocene time, with the purpose of establishing a 
broader basis for the correlation of Continental Intertor and Pacific 
Coast Tertiary deposits, In both respects the expedition was thor- 
oughly successful, which I attribute, in large part, to the enthusiastic 
support of my assistants, Messrs. A. C. Whitford, of Lincoln, 
Nebraska, and Mr. Charles Barner, of Agate, and to the kindness 
of our temporary neighbors, the various ranchmen on whose ranges 
the honebearing deposits lie, 

The Snake Creek beds were named and described by Matthew 
and Cook, and reference should be made to their paper for details 
not brought out in the pages which fellow. The four exposures 
worked by the Princeton party lie within the limits of the Whisile 

1° A Pliocene Fasna from Werlers Nebraska,” Ball fen, Mus, Nat., 
Hist, N, ¥. Vol XXVE, Arti SAVIL, pp. so1-qt4, tgog. 

PROC. AMER. FIL. SOC, LIV, 257, F, PRINTED JULY 7. Ipts- 
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Creek quadrangle, south of the sandhills on the divide between the 
Niobrara and the North Platte rivers, in draws at or near the heads 
of Dry Spotted Tail Creek, Spotted Tail Creek and Snake Creek, os 
follows: Loc. 1000A, T. 26 N., R. 55 W.. Sec. ai (N, E '4): Loe. 
10008, same township and range, but in the southeast quarter of Sec. 
33; Loc. tooo, T. 25 N., R..55:°W., Sec. (S.E- 4 to middle of sec. 
tion.) ; Loc, roooD, T. 25 N., BR. 34 W., Sec. 2 (N, E14). OF the 
four, Loc. 1000C, to which the attention of Messrs, Whitford and 
Barner was called by Mr. John Weir, before my arrival in the held, 
was particularly productive, yielding some of our best material, 

The Snake Creek beds comprise unconzolidated, water-worn 
gravels, clean, cross-bedded, round-grained sands sometimes 
streaked with magnetic, and a mortar-like, gray-white iiaterial, 
sometimes in angular fragments and sometimes in cobbles or boul- 
der-like masses, resting with marked erosional unconforttity on 
the Middle Miocene Sheep Creek beds. Rolled pebbles of granite, 
quartzite, ete, indicate water transportation from the erystalline 
rocks of the mountains farther west, probably some of the sari! is 
windborne, but a large part of the Snake Creek matrix has not 
heen transported far and consists, sometimes, of stihangular frag- 
ments resembling in appearance dried mortar, and, sometimes, of 
gravels, cobbles, and lurgé masses of more or less indurated Clay or 
silt, evidently represented the harder portions of the Sheep beds 
through which the Snake Creek channels were cut. Many’ large, 
slightly rounded masses of Sheep Creek seditnent incorporated in 
the snake Creek sands and gravels are quite incoherent and could 
not have stood thorough saturation with water, not to mierition tratis 
portation to any considerable distance. 1 think they were derived 
from the caving of undercut banks along channels incised in the 
Sheep Creck. Water-worn fragments of silicified wood are com- 
mon, but are not necessarily remains of a forest conteniporary- with 
the Lower Pliocene fauna, Most of it, if mot all, is. rennanie: 
material. 

The stratification is lenticular, water-worn gravels giving place 
laterally to cross-hedded sands and jumbled masses of clay boulders, 
Either gravels, sands or mottarike fragments may rest with clean 
sharp contact on the eroded surface of the Sheep Creek, the irregu- 
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larity of which is increased by land sliding occuring along the sides 
of the draws where the exposures are found, but much of it is duc 
to changes in the slope of the channel-beds ino which the Snake 
Creek deposits accumulated, Upward, the formation merges into 
wind-biown ‘sands and ailts which cover the Prairie top, and it is 
not always possible to distinguish between them, as: bones sometimes 
occur in the lower layers of the sand above the level of the typical 
snake Creek gravels 

Exposures, when found, are long the sides of the draws ‘which 
have cut down through the Snake Creek beds into the wnder- 
lying Sheep Creek, and are ustally more or less obscured by wind- 
blown sand overgrown with grass and weeds, so that little in. the 
way of fossils can be seen at the surface except an occasional weath- 
ered bone fragment on the bare spats between grass clumps. Occa- 
sionally, a larger ungrassed area of sand anil pebbles may show a 
few horse teeth, a jaw fragment or two or the enils of some broken 
limb bones. All collecting was done by stopping off the surface. 
sod and exposing the Snake Creek-Sheep Creek contact wherever 
the greater shundance of gravel and bone fragments suggested the 
presenee of a productive “pocket” or Jens of bone-hearing gravel. 
Tf the preliminary prospecting seemed to warrant further excava- 
ion, 2 large area was cleared and the bank cut back to a vertical 
face which was worked by undercutting at the level of the contact 
just mentioned. This was kept up until the productive gravel was 
exhausted or the repeating caving of the heavy top burden of sand 
made further work both laborious and dangerotrs. 

The bones are remarkably well preserved, mostly tlack or of a 
dark color, and oceur in both the gravels, sands and mortar-like 
congloterate, becoming scarce as the sand gets clean or the number 
of clay boulders and cobbles increases, They are all more or Jess 
abraded, sometimes by water wear, at other times mamifestly by 
wind-blown <and.? and vary in character from rolled bome pebbles 
ta complete skulls. Hardly ever is there association of ahacent 
parts, Occasionally ‘i remanie fossil, washed out of the Sheep 

* The type skull of Protolabis princetonianuy sp, nov. was tound iy safe 
Sand, lying on the left aide with the front. of the skull tilted downwank The 


arch and back of the shall on the upper (right) side are pared down ta a 
Common level in a tianer suggesting sani-blasting. 
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Creek, is found, but with this exception the bones seem to have 
been introduced directly into the streams which transported the 
Snake Creek gravel and, apparently, represent the fauna of the 
immediate vicinity, as frail teeth and delicate skull and jaw processes 
remain unbroken, saggesting that the bones have not been moved 
far, As will he seen by an examination of the Whistle Creek 
Quadrangle, our collecting localities are somewhat widely scattered 
and may not all represent the deposits of a single stream, possibly 
are not all strictly contemporancous, but as our large collection from 
locality 1000C contains practically the same forms as are found in 
the remaining less fossiliferous localities, there is every reason to 
regard the fauna asa unit. So far as determined, the Snake Creek 
beds have yielded the following association of forms, those marked 
(4) being preserved in the American Museum, New York, (PF) in 
the Geological Museum of Princeton University and (G) in the 
private collection of Mr. H. J. Cook, of Agate, Nebraska. 


Docs, Machwrodont cat, gen, inder. (4), 
Amphicyon ammicola (v1), Felis cf. marina (4), 
Amphicyon sp. indet CA), | 
PAmphicyon sp. indese (P).. Rovents, 
Aelurodon haydeni wolidug (21). Mylagaulus cf. monodon (A), 
Aelurodon tacrus secundus: (4). Dipoides curtur (A, FY. 
Arluradon ct, whieelrrianus. (7). Hipoides tortux (4). 
Agturodon ap. div. indet (4, FP), Hyatricops of. vemuates (A, PF), 


Tephrocyon Iippophagus (21, P). Géeomys cf. bignleatus (4). 
Tephrocyon cf. femerorivs (A), 


Typhrocyon cf, vafer (A, PF). Epenrares. 
Tephracyon mortifer (C). Ui in ee eer fe 
Tepkrocyon ap, maj, (4, P), ee wen, et. sp, indet, (4, 
FOyon sp. (A). Sa range 

Civict-cat. Telectrray sp. (A, PY. 
Bassoriscus antiguas (4). ‘phetops sp (4, FP), 


Cemopir ip. Cal). 
Munretines. 


Brachypsalis pochyeephains (7). £6240... : 
Brachypsalis abliqnidens sp.nov. (PF). Archwohippus'sp. (F), 


Honses. 


ja iu | Porahippus cf, cogmatus: (A, 2). 
Afartes glares ap, tov. (P), Hiypohitpus cf, agfinis (4), 
ae. Fypohippug ap. CF). 


Merychtppus ch. insignia (A, P), 
Merychippus close to rafimaring (F'), 
fipparion ef, occidentale (4, FP); 


Peendelurus near intrepidus (7), 
Cat, non-macherodont (/'), 


roas.| 


Fifparian gratam (21, 2"). 

Hipeorivs ci, affine (4, f"), 

Protohippus cf. plocidwa( P, probably 
ft). 

Protohippur tear perditus (P, prol- 
ably 1), 

Pliokippus cf. mirabilis (FP). 

Plichippas ep. div. (A). 


Prosthennopy cf. crassigenis (A), 
Prosthennops sp. (4, FP), 


Oenepowrs. 
Merechyus (Meterrodon) relictus 
(sf). | 
Merychgus (Metéercoden) profectus 
(4, ¥ 


Aferychyus (Afetoreodon) ap. (4, F'). 
Pronomotherium piowense sp. nov, 
cf). 


CAMELS. 


sia ay frineelonianus sp. mov, 
(PY, 
Piauchenta 
(vt, FP). 
AlKcamelas proceres (4, P), 
Aitcamelus sp,.diy, (4. P), 
’Procamelur sp. div. (A), 


(Afegaiylopus) gigas 
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Antatores-axo Dire, 
Dvomemery2 whitfordi 2p. nov. (P. 


A)ys 
Drepanomeryr falcifarmmis gen. et 
ap. tov. (FP). 


Cereus ap. (4, P). 

Alastomerys élegans (A). 
Rlasoomerys ch. wellsi (4). 
Merycodag necatar sabulonis (4, P)- 
Merecodus cf. wrcatus (a, PF. 
Merrveodus sp, div. (4. #)- 


EBovms, 
Neotragecerws improvise Cet, P)i 
Bovid gen. indet. (<t). 

Risow sp. (4). 


MAsTODONS, 
Gemphotheriam sp. LP). 
PMustodon ap. (FP). 


Brens. 
Aquila dananal iP). | 
Ruteo near bortalis (P)" 


RErrites. 
Crocodile vertebra (F'), 
Lisard jaws (FP). 
Huge land tortoree (4, 7). 
Ov Uxceetain Posies, 
Part of large mammal jaw. (f'), 


‘The collections obtained by the Princeton expedition have greatly 


increased the number of Miocene genera represented in the Snake 
Creek fauna. Archeohippus excepted, Brackypsalis, Pseudelurus, 
Pronomotherium, Protolabis and Dromomeryx have species i the 
Upper Miocene, distinct, but not strikingly different trom, their 
Snake Creek successors, rather increasing the close relationship of 
the fauna with that of the Upper Miocene previously commented 
on by Matthew and Cook, Additional Pliocene elements: are far 

" Paleamerys sp. of Matthew and Cook. sa 

‘Represented in the Princeton collection hy a fragment of the tareo~ 
metatarsuy, Determinatians by Dr. Loye Holnves Miller. 
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less abundant Perhaps the new horned attiodactyl, Drepanomeryzx, 
presenting a type of horn-core not hitherto known in North Amer- 
ica, and a mastodon apparently allied to Mastodon antericanus, may 
be regarded as belonging to this category. ‘The conception of ald 
and new faunal elements should not be unduly emphasized, because, 
45 our exploration of the Snake Creek beds plainly shows, we do 
not yet know the extreme upward range in time of a number of 
Upper Miocene gencra and can merely say of the new, supposedly 
Pliocene, forms that this is their first appearance, A stiggestion 
regarding climatic conditions may be found in the presence of croco- 
diles and huge land tortoises, the latter rivalling in size those of the 
Galapagos Islands, indicating, perhaps, that the approaching chill 
of glacial times had not yet exterminated these cold-blooded types. 


DESCRIPTIONS OF NEW GENERA AND SPECIES. 


AELURODON Sp, COMpare WHEELERIANUS ? 

The feit ramus of a lower jar with Py and my and alveoli for 
the remaining teeth (No. 12068 Princeton University Geological 
Museum, collecting locality To00C) is referable to an Aelurodon of 
about the size of A. wheeleriantis, from the type of which it differs 
in the greater length of pj-m, , the shorter jaw and the closer crowd- 
ing of the premolars, It is either too small or too large to be re- 
ferred definitely to any of the described species of Aclurodon, but 
is hardly complete enough to be-made a new specific type, 





Fou t, Avlureden op, compare wwheclerinnas?, loft rams, side view, No. 
12068. two thirds natural size. 
TAMPITICYON sp. indesc, 

AC huge canid, possibly an undescribed species of Almphicyon, 

is Tepresented in the Princeton Snake Creek collection by the right 
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ramus of the lower jaw, an ulna and some other bones, of which 
the lower jaw (No, 12078 Princeton University Geological Museum, 
collecting locality 10000) is here figured to give some idea of its 
size and proportions. ‘The fragment retains alveoli for the canine, 
four double-rooted premolars and the sectorial molar. The first 
and second premolars are separated from each other by a short 
space, and from: the canine and first molar by long diastemata, whlie 
the rest of the dentition is in close series. 





Fin. 2, famphicvon sp. indesc, No. 12078, right ramus of the lower jaw, 
side and top views, one half natural size. 


BRACHYPSALIS OBLIQUIDENS- 5p. NOV. 


Type No, 12076 Princeton University Geological Museutm, eol- 
lectin locality roooC, the left rannis of the lower jaw with py-My 
and alveoli of the canine and first premolar (Fig. 3). This is a 
decidedly larger, deeper-jawed, heavier-toothed species than 
Brachypsalis pachyeephalus, with the anterior premolars placed 
wery obliquely to the tooth-row and all the teeth closely crowded. 
Tt is of about the same size as Paroligobunis (Brachypsalis) sim- 
plicidens from the Lower Harrison, but has a larger second molar, 
a slightly larger sectorial and more closely crowded, obliquely placed 
anterior premolars. 
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Fin 3 Hrachypsalis obliquidens, lower jaw, type specimen, external view, 
anil crown view of the teeth, both natural sire, No. rag, 


MEAS UEEMENTS, 

Length, pitty es ceseeeeeees oe daewscereweeeddek cccsca: 
Letgth, POPP creer etc ecee tenet eeeesesenaseseeecane | el 
Letiptli, tttag-thg.ansacic este ratesecccrrevesyesenseacee 56 

iy tee eer Seether hdd Baa ere yey ee = “G6 
‘PREC T TIP Litt re Te ad eweee ob ‘CeO e Chon eee teense nee nen da al ee 
ry TIL PIL e eer re cre ree ee eer ee ere Lh peep 
Vee ee ae ee oe ee 734 X9 
= phaas 9X 74 


MARTES GLARE: sp; nov. 

Type No. 1207t Princeton University Geological Museum, col- 
lecting locality 1000C, the leit ramms of the lower jaw with py, 
and my and alveoli of the canine, py,» and my (Fig. 4). In size, 
close to the type of M. ogygia Matthew from Horizon E of the 
Upper Miocene of Colorado, but differing in the presence of py 
(represented by a small alveolus), the slightly larger, more laterally 
compressed pz which lacks a posterior accessory cusp as in ogygia 
am] some existing species, the presence of this cusp on py Conty 
slightly less developed than in specimens referred to M. americana 
with which comparison was made), anid the larger heel on my. In 
hoth WW. egvgia and M_ glaree the metaconid or my is. more sharply 
separated than in specimens referred to M. americana whieh I have 
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examined. Jf. minor Douglass from near the bottom of the Lower 
Madison Valley Loup Fork beds and M. furlengi Merriam from 
the Thousand Creek beds, Thousand Creek, Nevada, are smaller 
forms, while M. parviloba Cope from the Middle Miocene of Col 
orado is a latger animal than either eyyyia or glaree, and M. 
(Putorins) nambianus from the New Mexican Loup Fork has a 
shorter jaw than either of the species just mentioned, It is ap- 
proached in size by specimens in the Princeton University osteo- 
logical collection referred to Mf. americana, tut differs, in addition. 
io the characters ated above, m the larger heels and heavier an- 
terior basal ledges on the premolars and the greater tlegree of lat- 
eral compression of these teeth. 





Fin. 4. aMartes glaree, lower jaw, type specimen, external view anid crown 
view. of the teeth, twice natural sige, No. f2071. 


MEASUREMENTS, 
Length, Petty sect sc ee gerne eseeera reese ees eS eS i 
Pa ee eo] ere ee ea ba Se Se ee igGathad deh fj =o oe ee | 
ie iksnpae sneaks , : 58 2 
itl; ee ee rree ey toe oe a 8 ee eh a3 


Psrunarnukus near intazeimes Leidy- 


The presence in the Snake Creek fauna of a cat not for removed 
from Psendacturus intrepidus Leidy is indicated by a jaw fragment 
No. r208r Princeton University Geological Museum, collecting 
locality roooC, which agrees with Leidy’s type fairly closely in the 
dimensions of the jaw, bat differs in having the teeth i Little snimller 
and the posterior accesaory cusps and heels on the premolars less 
strongly developed. A further difference, which may he of little 
importance, is found in the position of the mental foramina which, 
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in #. tatrepidus, occur below the alveolus for pe and the anterior 
root of pg respectively, while in the Suake Creek form they le 
below the posterior root of py and a littl in front of its anterior 
root. The alveolus for py iz quite small and must have supported 
a.minute vestigial single-rooted tooth, 





Pit 5 Peewdalurugs near mitrepidus, lower jaw, right side, No. 1208t, natural 
nize 


FELID gen, et sp. indet, 

A large non-machzrodont cat is represented by a fragment of 
the left mandibular ramus No. 12079 Princeton University Geo- 
logical Museum, collecting locality 1000A, in which are preserved 
the alveoli for three incisors, the base of a very large laterally flar- 
tened canine and alveoli for two premolars, a very small single- 
rooted py and a large double-rooted pg. The chin is not flanged 
but the symphysial region projects a short distance below the level 
of the lower border of the jaw. 


pe ops 





Fir 6 Indeterminate felid, fragment of the lower jaw, left side, lateral view, 
No, 12074, natural size, 
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EnENTATE ( ?MEGALONYCHID). 


A single imperfect claw, “deiimtely recognizable as of Gravi- 
grade relationship" and comparable “with some of the smaller 
Megalonis chit is reported by Nasthew and: Cocke fromi the Chie 
Creck beds, Further confirmation of the presence of edentates 13 
found in a navicular bone (Fig. 7) unquestionably of a Gravigrade, 
about two thirds the size of the navicular of Megulonys jeffersomt 
and of much the same general type, obtained by the Princeton ¢x- 
pedition. at collecting locality ToooC, 





thirds watural size, No, Loopy. 


MAsTODONS, 
Mustodlots of two types. are indicated in the Princeton Snake 
Creek collection by several complete molars, most of which seem 





Fic. & Gomphotherium sp. right last lower molar, one half natural size. 
No, tacty Princeton University Geological Museum, collecting locality 1000 A. 
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referable to Gomphotherinm, with a last lower molar carrying four 
cross-crests and a heel and having the intervening valleys blocked 
by large accessory tubercles (Pig. 8), A smaller form (Fig. 9), 
also with tour cross-crests and a heelin m,, hus the summits of the 
crests much more acute than in the Gomphotherium type and the 
valleys as free from accessory tubercles as in the corresponding 
tooth of Mastodon americanus to which the Snake Creck form i, 
possibly, relate, Accessory ndges occur on the front and rear of 
the external halt of each crest, but are no more strongly developed 
than m Mf. aniericanus, The last. lower molar of the latter does 
not decrease in width posteriorly as rapidly as does the tooth here 
considered, but in other respects they closely resemble each other: 
The crown 18 wiwortt and there 1 no trace of cement. 





Fico. 9 fMastodon ap, left last lower molar, two thirds natural size. 


Na. t271fi Princeton University Carolog ical Mitseutn, collecting li lity too A. 


INceRT# Senpis, 

A fragment of the left ramus of a lower jaw, No. 12001 Trince- 
ton Cniversity Geological Museum, collecting locality toooA, has 
not been determined generically (Fig. 10), The apacimien shows 
alveoli for two incisors and part of the root of a third. ‘The first 
alveolns is very large anil shallow and the second narrow and deep. 
The fragment of the root of the third incisor is «t rotivly compressed 


jwise LOWER PLIOCENE SNAKE CREER BEDS. Bo 


laterally and almost quadrangulur in cross-section. These are fol- 
lowed after an intervening space, throughout which the dental 
margm of the ramus is broken, by a small, single-rooted, conical 





Fis io, Grows incert, aed) Now raogt, a fragment of the left ramus ot the 
lower jaw, outer side, two thirds natural size. 


tooth with ehameleovered crowt A. second diastema, with un- 
damaged margin, separates this tooth from the anterior toot of a 
latge, evidently deciduous tooth, beneath which, in the jaw, is the 
cavity for a-still larger permanent tooth. The moot of iy seems to 
have projected into this cavity where it has been truncated by ali- 
sorption. The symphysis is firmly fused, a small portion of the 
right ramus adhering to the left one and showing part of the al- 
vedlue for the first incisor of the right side. 


MnrasuxeMenTs. 
iy, antereposterior ihiimeter of alveolus (approximate) ...+... af 
iF 
iy, transverse diameter of alveolus (approximate) <---.----.- IAM 


i;, anteroposterior diameter of abventite Cpr =. . 6% 
ij, franwverse diameter of alveolus (approximate) . ieee 6 
iy wnteropesterior diameter of root -.. ietteed Liweawetewederes oc 
iy. tranaverac diameter of root .....020 0.8 eee eee es iecuaest 0 


74, anteroposterior and transverse diaMmeterh «15-026 csees ees 


St SINCLAIR—ADDITIONS TO FAUNA OF P-Apeil 2a, 


Length of dinstermia fo-dp . 2... .<. ccc cccec cece cecceccccues 15 
Depth of jaw below middle of dp ..i.-....ccc0cic..2222,,05 107 
Thickness of jaw at level of mental’ foramen :...:..2..<0. ee 


ARCHEOWIPFUS sp. 


“A small short-crowned py of the right side (No, 12128 Prince- 
ton University Geological Museum, colecting locality, tooo) agrees 
in structure with the upper teeth of Archaohippus in the complete 
union of the metaloph and éctoloph, the distinct protoconule, and 
open prefossette, there being no anterior median enamel fold on 
the wall of the metaloph. This horse has not been reported hith- 
erto. from any horizon above the Middle Miocene Mascall beds of 

MrasunemMen rs. 


Greatest anteroposterior dimmeter ,..... 0... .ccccccucaeecee ce, 13 
Greatest transverse diameter 20.2.2... 00.00. --- ecco ceeuceeee. 13 


PRONOMOTHERIUM SIOUENSE ap. mov, 
Type No. 12057 Princeton University Geological Museum, col- 
lecting locality 1o00C, the right ramus of the lower jaw with py-nty 
aml alveoh of iz-c: ‘Tooth crowns worm, A. smaller form than 





Pitt, Prosomotheran siowente, lower jaw, type 


apocimen, external view, 
a ea 
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either of the better known Miocene species (/". laticeps and P. al- 
tiramis) from which it can be separated by differences both in size 
and proportions. 
Mrsstinemis ts. 
Pcie t ls OE SW one t ca pane cece es orcs esau edebteusereccesawoune 
Depth beneath p, , 
Depth bencoth TH) «~s65 @ ieee Shae ee 
Depth beneath back part of ny cee ae) ale ey ard 
Depth beneath last lobe of my... ccc. ccc esccaceeeksa peueeens 
Depih earono to angle ,.....0.. ee amas 
Length lower dental series ......ccccccraapecenss oe 
Length lower premolar-molar series ...-...... ioe cedo ono 
Length lower premolar series . a ares mnie 2 Weg ere 
Length bower molar series «2:2. .cccesescsecsecseeasseccenas 


aekgGeanes 


PROTOLABIS PRINCETONLANYS Sp). nov, 


Type No, 42053 Princeton University Geological Museum, col- 
lecting locality tooo, an uncrushed skull, sand-worn on the rigtit 
side which lay uppermost, associated with most of the left ramus 
of the lower jaw, a fragment of the right ramus and an ulna-rachus, 
The limb bone belongs to a came! but may not pertain to the same 
individual as the skull. 1m size, there is close agreement with Proate- 
lains longiceps Matthew from the Colorado Loup Fork (Pawnee 
Creck beds), but a comparison of the two skulls brings out certain 
minor differences which appear to be of specific value. In P. prince- 
fonionts, the anterior facial vacuity is far larger than in the Col- 
orado form, with the premaxille extending above it and reaching 
farther back than in that species, Another marked difference ap- 
pears in the absence of an abrupt constriction of the face in front of 
p? which produces the sudden incurving of the tooth row seen in 
longiceps in contrast with the gradual taper of this region in the 
Princeton specimen, Various differences in dental structures are 
also noticenble, as follows: p" thicker and heavier and p* less re- 
duced and with posteroexternal groove deeper than in P, lengiceps; 
pt, if anything, larger in fongiceps than in princetomanus, Lower 
premolars somewhat less reduced and molar crowns somewhnt 
higher, and posteroexternal groove ih fry placed nearer hinder end 
of tooth than in longiceps; pg with distinct anterior cusp which is 
absent in the last manied form, 


[April fa, 
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PROC. AMER. PHIL. 200. Liv, 927, 0, PRINTED JULY 6. 1915: 
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MEASUREMENTS. 

Total length of sholl (incisors to condyles) .. 2... .ccs 2 cee eee Gin 
Lenwtti bli vin iaacsnacckh+aaecedssavaduesacal sight: iat left 1) 
Length, p'+m*,..... cebawak}aa ret eacledeshes ou 2. Tight tas, left 17 
Length, premolar series... ..<-- 000 eee ween . tight sold, left 64 
Length, diastema behind i,....-..---0-e<0cee+e. Tight wm, left go 
Length, diastema Weltind ¢ 2... ...5..064.e0004 8 

Length, dtastema behind. p42... 6. ee evcce eens - cright i left ao 
Length, lower premolar-molar series 2....00cc.ccaedecceinearan 10S 
Length, lower premolars .....--¢--<c.0--+-+- 0+ dene TRraWesensie a5 


Depth of jaw itt front of Pye. =. be PR GL ed BSE ERG ELS PRESESET ETE S oe | 
Depth of jaw below middle OF ty. .ci.cceecseeeseettecreeeeeee 0 


Length ol radius ee ee eee re ee ee | igs 
Width of racial shaft at mide a an ama oe Shere al peal ce Shs ey 


DarPaNoOMENys FALCINORAITS gen. ef sp. tov. 

Type No. t2072 Princeton University Geological Museum, col- 
lecting locality toooC, a horn of the left side (lacking tip) and the 
hasul portion of the right horn (Figs. 14, 15). 

Frontal not cavernous at base of borms. Horns non-decidoois, 
rising unmediately above upper posterior margin of orbit, sloping 
backward and upward and at the same time curving inwanl, at 
base almost circular, but flattening upward im the transverse plane 
extending backward and inward from the orbits, producing a-scini- 
tar-like structure winch curves inward toward its fellow on the op- 
posite side. Horns without any suggestion of twist, proximal half 
comparatively smooth and free from, pits and irregularities, such 
faint groovings asare present being longitudinal. Distally, and es- 
pecially toward the outer margin, the surface is rough and pitted, 
hut this seems to be due to sand-blasting or water-wear which has 
destroyed the outer table of bone. A broad groove is visible 
throughout the central portion of the shaft on the posterior aspect 
of the horn. Horns solid throughout, the surface, texture resem- 
hling that of the Pronghorn Antelope. 

No teeth have been found in the Snake Creek beds which can be 
referred, ever provisionally, to the new form, unless those which 
have been correlated by Matthew and Cook with their Nwotra- 
gocerus improvisns, and the lower jaw described under that penis 
itt the present paper, should he associated with the curved type of 


hom found! it Drepenomerye rather than with the straight horns of 
N volragorerts, 
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iG tg. Drepanonterys faiciformis, type specimen, lateral aspect of the 
left horn, one half natiral size, No, wo72. fom, a im cross-sections = lateral, 
median and anterior margins, 
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i. 16: P?Neotragocerue improvisus, left ramus of the lower jaw, side viow, and crown view of the teeth, two 


thirda natural size, No, 12706, 
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NEOTRAGOCERLS mpeoviaes Matthew ani Cook. 


The left ranms of a lower jaw (No. t2t06 Princeton University 
Geological Museum, collecting locality tooo”), which is doubtiully 
referred to this form, supports brachyodont molars: which register 
almost exactly with the upper teeth eclected by Matthew and Cook 
as paratypes of Neolragocerus iniprovisus. With the discovery itt 
the Snake Creck beds of scimitar-shaped horns | Drepovomeryr 
gen. nov.), presumably of antelope-lke animals, correlation of the 
straight Neotragacerus type of horn with jaw fragments, both upper 
and lower, supporting short-crowned teeth becomes even more pro- 
visianal than it has hitherto been, since either type of horn is large 
enough to fit an animal of the size of those to which the jaws be- 
longed, 

DroMomMeryx Wirtrann ap). Moy, 

Type No. 12054 Princeton Cuiversity Geological Museum, col- 
lecting locality 1oooC, an associate pair of horn bases (Fig. 17). 
Paratype No, 12086 Princeton University Gevlogical Museum, the 
right rans of a lower jaw, unassociated with the hors hut from 
the same collecting locality (Fig. 18). The species is named in 
honor of my assistant in the field, Mr. A. C. Whitford. Hom 
lases about ore third wider than in D. boreulis- with the posterior 
upper corner of the wing-like expinsion at the base of the horn 





Par, Dromimerye whitfardi, type specimen, base of left hurr, otter side, 
two thirds natural size. One of an aisoelated pour, No. 1054. 
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sharply angular instead of a flowing curve as in D, borealts. Lower 
jaw of practically the same size asin that species and dentition 
not specifically separable theret rom. 

The inclusion in the same new: species of type material not 
found associated is most unsafe, In this instance it seems: justi- 
finble because the collections made by two parties (American Mu- 
seum and Princetom) have shown the presence of but one species 
of Dromomerys in the Snake Creek beds, the so-called Palecomeryr 
of Matthew and: Cook being undoubtedly Dromomeryes and not 
ceparable from the new species here described. 








Fin 8. Liromiieryr nhitfordi, paratype. right ramus of the lowrr jaw, 
side view, and crown view of the teeth, two thirds matural sire, No, fo8G 
The distance from jip-my leo lithe greater in the crown view, Owing to climi- 
nation in the drawing of the fare-shorteniing due to curvature of demtal ceries. 


MecasUReMeNts, 
Width of horn-hase across middle of wing-like process ..)+-- 73 
Anteroposterior diameter of beam three inches above base ... 30 
Tronsversc diumeter of beam three inches abow base ..--.--- 25 
Legeth, pe-my mensured as chord of ort e.cceeeee eee geese eee MD 
Lirigth, tigsitig oi leis ccest ewe vesnk teresa eee esenarerssserrss G7) 
Py. ANteroposterion Taoy TANEVETHE —..<.02een rere ener eesen es fhe 
pi anteroposteriog t4!4, tTHNSVETEe: ..~---e00soseseeeeeeecnes Lo 
fry nttteroposterion 15, ITARNVETIO --.i.cuseer ese ereeree teres veh 
mi, anteroposterior 17, traiaverse -. 2.0 6-4-eeese renee ese es 4 


my" anteropaterior 19V, WMMAVETSO «= .eeeenes meu ag eae oa. 
i), anteroposterior 31, Uraneverte .----+=+ ee ee 
Depth of jaw hetrreatli fig ----+<r Bese = 2 eee ee ee ee ee af 


Depth of jaw bhericatly Trig csc .e-cssscueese esses eed seen en eens 14 
Porxcetos Univesstry, April, tors 


EXPLORATIONS OVER THE VIBRATING SURFACES OF 
TELEPHONIC DIAPHRAGMS UNDER SIMPLE 
IMPRESSED TONES, 


By A. E. KENNELLY axp H. 0, TAYLOR. 
(Read April 27, 1913.) 


The following research was carried on, at the Maésachusetts 
Institute of Technology, under an appropriation from the Americar 
Telephone & Telegraph Co, during the year igig-1015, The ex- 
perimental work was carried out at Pierce Hall, Harvard Chiversiry. 

The object of the investigation was to explore the amplitude of 
the small harmonic vibrations of a circular diaphragm of telephonic 
type, clamped around the edge. and ta compare the observed vyal- 
nes with those which had been already dedhiced mathematically. 
Hitherto, so far as we are aware, the amplitude of vibration of a 
telephone diaphragm has been determined only at one point on 
the surface, usually the center’ The observations here reported 
differ from those heretofore obtained, in extending over the entire 
stirface of the diaphragims. 


EXPLORING APPARATUS. 

The exploring device, or “ explorer,” devised anil constricted 
for this research, consists of a tiny triangular mirror fastened to a 
little phosphor-bronze stirrup strip, and laving its pomt applica, 
by means of torsion in the strip, to the surface of the vibrating dia- 
phragm at the point to be explored. The natural frequency of the 
mittor being much greater than that impressed on the diaphragm, 
the mirror is able to follow the Vibrations of the latter, without 
breaking out of contact. The pressure exerted by the mirror on 
the diaphragm is so small as. not materially to affect the diaphragms 
vibration. A beam of light, reflected) from the mirror on to a trans 
lucent scale, was thus set into vibrations synchronous with, -and 

' See Appended Bibliography, Noa, 2, 4 7. 9 and ‘ro, 
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proportional to, the vibrations of the diapliragm at the point of 
contact. 

The vibration explorer is shown in side elevation at Fig. 1, in 
top view at Fig. 2, and in section, through center of the diaphragm, 
in Fig, 3. <A fairly massive rectangular brass trame holds a plate. 
sliding im prooves. ‘The crank at the bottom of Fig. 1 controls this: 


= fat 
ay 


— o 













b = 
me ee ee 


aS i= 
Fiz 1, Fig. 2 


sliding motion, with the aid of the set screw at the other end, At 
the center of the sliding plate is a circular frame, into which is 
clamped the diaphragm to be tested. The circular frame can be 
rotated in its own plane by means of the crank at the right hand 
of Fig, t. | 
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A stout brass bridge is fastened to the sides of the rectanpular 
frame. At the center of this bridge is the mitror-holder shown in 
detail at Fig. 3, The mirror-holder stides in a groove provided in 
the bridge, and is clamped therein by a clamping screw S. A fine- 
motion screw Af is also provided, for adjusting the pusition of the 
mirror One turn of MW advances the mirror o8 mm. (1/%2 inch). 
By means of am atexiliary mirror fastened beneath the top of the 
screw Al, the angle through which the screw is advanced tray The 
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measured, tor calibrating the indications of the instrument, Ad- 


Justment cart le made tot deg. of rotation; or 2.2 ph, (25 mm. 
300 00 


assuming that backlash is guarded against, 
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The construction of the apparatus is such, that the mirror ts held 
at all times at the center of the brass rectangular frame; while by 
means of the two crank: adjustments, the diaphragm to be explored 
can be moved so as to bring any part of its surface beneath the: 
mirror. With the aid of the scales of distance and angle shown in 
Fig.1, the position of the mirror with respect to the diaphragm 
can be adjusted and read off to polar codrdinates (r. @). The 
motion in  is-controlled by the crank at the bottam, to o.1 mm, ; 
while the angular motion in @ is controlled by the crank at the side, 
ta.1°, or Jess if desired, The slide iz held in position by flat springs, 
attached to the rectangular frame, 50 a3 to Keep the motion of the 
slide confined to its own plane. A similar construction is used 
with the cirewlar frame. It is important that the plane of the dia- 
pliragm shall not be disturbed avhen either crank is operated. The 
weight of the whole explorer ts 4.03 kgs. (10-2 Ibs )- 

A. magnified view of the mirror, and its stirrup Trame, 15 shown 
at the top. of Fig. 3. The mirror, of silvered glass, about 0.1 mim. 
thick, is cut inthe shape of an cquilateral triangle, about | mm. in 
length of side, One vertex of the murror is applied to. the surface 
of the disphragm, anil the mirror is fastened with ‘sealing wax 
across a thin phosphor-bronze strip. This strip is approximately 
3 mim. long between abutments, 002 mo. wide, and 0.013 mm. thick. 
The weight of the mirror is about 1 milligram, without varnish or 
sealing wax. Its natural frequency of vibration, as obtained pho- 
tographically, is aliout 2500 —. These little mitrors are apt to 
break off the stirrup strip; so that they have to be renewed and re- 
calibrated occasionally. The pressure exerted on the Uiaphiragm by 
the point of the mirror, as measured by an gixiliaty test, 6 approxi- 
iiately 260 dynes (204 mgm. wt.). A pressure of this order, scents 
to be desirable, sa.as to obtain a natural frequency af 2,500 —. 
If. however, explorations are confined to lower «diaphragm (re- 
quencies, the natural frequericy of the explorer mirror, anid ite pres- 
sure on the diaphragm, may be reduced accordingly. 

The diaphragm to be explored is 54 em. in diameter, ard ts 
placed in the circtilar frame. It ts clamped tightly mto this irante, 
with the ring clamp shown in Fig. 3, which had a radius of 2.02 cm. 
when-no auxiliary clamping rings were used, The vibration explorer 
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ts ther sisperided CT) Wires [rove thee ceiling, or other Convement 


support, in order to suppress building vibrations of high frequency : 





20 a8 fo support the explored diaphragm in a vertical plane, The 
mitror-holder is then advanced towards the diaphragm, and clamped 
by screw J. The mirror is now ca refully bronpht mito contact with 
ihe surface of the diaphragm by adjusting screw M.A picture of 
ie explorer is presented in Fig. 4 ‘The SUSPCNSion Wires tw 
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Pu: 4 Vibration Explorer fn Aiwath 


support the instrument. The condensing and focusing lens 
throws & narrow arc-leht beam Oyson the exploring mifror. which 
reflects it on to the translucent BFracuated screen Ff. With the din: 
phragm at rest, the spol on this screen 1 a norrow, sharp, vertical, 
luminous strip. When the diaphragm is set in vibration, the mirror 
in contact with it vibrates s¥nchronously, and the spot is spread 
into a luminews band, the limits of which aré eaaily read on tive 
pratiuated translucent scale. Tf the motions af (haphragm and mirror 
are simple harmonic motions, the liminaue band shows no disctontinu- 
ities of int msity, lf, however, there je Complex. harmonic motive 


in thc diaphragm, ihe lnwiinatis Leura | uri show hriht antl dark 
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patches, either quiescent, or with beats. By means of the optical 
magnification of amplitude that can be effected with such am ex- 
ploring mirror and scale, diaphragm vibrations of amplitude 0.1» 
(i, e., 107 cm. ), oF Tess, can be observed; although the precision of 
messttrement ‘falls off considerably, for a diaphragm amplitude 
below o.5 a (half a micron), 


OrrTicaL SYSTEM. 


The optical system employed with the vibration explorer is dia- 
grammatically indicated in Fig. 5. The stereopticon arc-lamp: 1 
throws a powerful condensed beam of light on the pinhole 8, in-a 
brass vertical screen. A set of small powerful collimating lenses C 





Fic, & Uiagram of Optical System wed with Vibration Explorer. 


thraws the nearly paralleled beam through the screen and slit Das 
well as the focussing lens #7, on the exploring mirror /, whence 
it ié reflected to the translucent screen F, at a convenient distance, 
in this case 25 cm. An image of the slit in screen ) is then sharply 
focused at F. In Fig. 6, it is indicated geometrically that the ampli- 
tide ¢ of the diaphragm’s displacement is equal to the continued 
product of the observed amplitude d of the luminous band, the ratio 
of ? (the radius arm of the mirror), to 2£ the double distance of 
the mirror from the screen, and the cosine of the angle 4 between 
the radius arm of the mirror and the plane of the diaphragm, In 
atder to avon! frequent changes in 4, it is desirable to keep con- 
stant the zero of the spat at the center of the graduated scale 1 iat 
and with it the contacting angle of the mirror. The numerical 
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expression Af —a2f/lcos may be called the magnification-factor 
of the explorer. As ordinarily employed, 2f—s50 em., [—a.o5 
cm, 6=45° approximately, or cote @=——o.7; so that MW — 1400 
approximately, varying in different sets of measurements between 


Deatted jimes refer te 
deflected position af 
diaphragr, 


Fic @ Diagram Showing Action letween Wictor ani Dnaphragiy in Explorer, 





foo and 1,500. Had it been necessary, this maguification-factot 
might have been considerably mereased, by increasing the distance 
L between mirror anil ecale; although the reduction in himinous- 
spat intensity, at increasing ranges, prevents the precision of the 
observatwms: from increasing in the same proportion as the rhage 
fication-~factor, At Le=25 em, the aniplitade of mntnOUs: band 
could te read to o.t mm. on the graduated translucent scale F 


Source. or Drarwracm Viniatiows. 


Two sources of vibrations were used in different series of lests, 
(1) acoustic, (2) elevtromagnetic, 
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(1) The acoustic vibrations were supplied from one of a series 
of sniall organ-pipes; giving fairly simple musical tones between C, 
of 128 —,an C, of 2,048 ~—. The organ-pipe selected was micuert ted 
vertically in a block on the table, at the hack of the vibration ¢x- 
plorer, and supplied with air at constant pressure (about 18 em. of 
water) froma pneumatic tank. The whole apparatus was placed 
inside a sound-damping wooden-frame booth (274 cm. > 183 cm. & 
214 em. high), lined on the inside with hatr-felt, 2.5 cm. thick, sur- 
faced with thin cloth. ‘The observer, after turning on the air to the 
organ-pipe, observed the amplitude of the luminous band on the 
translucent screen F, Figs, 4 to 6, as the mirror was applied to 
different successive points on the diaphragm. 

(2) The clamping ring of the diaphragm in the explorer was 
chosen of such dimensions that a standard telephone receiver conld: 
be substituted for it. In this case, a steel diaphragm had to he 
employed. The telephone was then operated by a feeble measured 
alternating current (2.0 milliamperes) obtained from a Vreclanil 
mereury-arc oscillitor having a frequency adjustable, hy swocessive 
steps, betweett 430— and 2,500 =F 


Exrrowation wrrn Diarnaacm No. © 


Diaphragay No. 1 was a telephone-receiver diaphragm of stecl, 
japarmed on one side. Tts dimensions are given in Table IL, The 
diaphmgm wis clamped, around the boundary, between opposing 
circular knife-cdges. 

TABLE 1. 
Virzanox Amrurcnes. over Diarneacu No. 4, AT Freguexcy &S—, Tor 
Nowe Dirverext Azimuvita 0, Ano Seven Dirrenent Rapist [stances ¥, 
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An organ-pipe of DY (608 —) was set up with its lips am. from 
the hack of the diaphragm. An exploration was then made over the 
surface, at pomts differing by 4o* in azimuth 4, and at successive 
increases in radius.of about 3.3 mm. (7 steps in r, and g steps in #, 
or 63 observations in alL) The preceding table gives the observed 
amplitudes of vibration deduced from the scale-deflections; with a 
magnification factor of if = 1,180. 

It will be seen from the above table, that at any particular 
radius r, measured from the center of the diaphragm, the amplitudes 
at varying azimuths @ are substantially equal. The irregularities 
are small, hut nevertheless seem larger than can be accounted for 
by errors in observations and are, perhaps, die to irregularities in 
the diaphragm. Fig. 7 shows the contour lines of vibration-ampli- 
tude in microns, the maximum arnplitude being at or near the 
center, afd amounting to 14a. Such vibration amplitudes are 
larger than were usually obtained, and were specially reinforced in 
this case, in order to secure large deflections. It will be seen from 
the contour diagram, that the diaphragm was vibrating with its 
fundamental or gravest mode of motion: i, ¢., a motion to-and-fro 
as a Whole, without either nodal diameters or nodal circles. It is 
known that a circular diaphragm, clamped at the edge, is capable of 
vibrating 1 an indefinitely large number of ways, according to the 





Fig. ¥. Fire, 6. 
VIRRATION Amr, i TLICE VIGFATION AMPLITUDE 
bhg MicroNe 


i MiCROHES, 
ae PPG a 


eos 
DiarFerage Na |, OLA HRA Get Wid, 


rege! SURFACES OF TELEPHONIC DIAPHRAGMS. 106 


number of nodal cireles, and also according to the number of nodal 
diameters. present.* 

A. similar exploration was made over the diaphragm, with 
acnustic excitation from an organ-pipe giving C, (2,100 —). Here 
the points of observation were in steps of about 3.3 mm. in r, and tn 
steps of go" in @, as before, with magnification-factor, Af = 1,265. 





TABLE [1 
Voeatmox Aweurrepes over Tharueagu No.1, ar Frequency 2,100—, Foe 
Nove Dirrezxest Acrwcris 6 axo Sevex Dorrement Racrat Distances. 
r, Five OSty Giving Reapasie: Der tectioss. 
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The vibration contour-lines for this case are given in Pig. 8 
Here again it is seen that, setting aside irregularities m the dia- 
phragm, and allowing for errors of observation (which are more 
noticeable with the small amplitudes of higher piteh), the mode of 
vibration is essentially fundamental, since there are no perceptible 
nodal circles of nodal diameters, 

_ Having this ascertained that both at pitch D) (608 ~), andl at 
C2048 ~), the first mode of vibration was: presetited, a series 
of careful explorations were made at a number of intermediate 
pitches, These likewise all showed the first or fundamental mode 
of vibration. See Table ILA. 

Cibservations were also made, at orean-pipe frequencies down to 
138 —. Explorations would he very difficult to obtam om this 
diaphragm at.such low frequencies, owing to the small vibration 
amplitudes produced: but the indications were that the fundamental 
mode of vibration was maintained throughout. 

3 See Appendix 1. 


PROC. AMUR, PittL. S0c., LIV, 317, M, PRINTED JULY 6, 1925. 
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The conclusion, therefore, seems warranted that, for this juar- 
ticular steel telephone diaphragm, acoustically excited to f requencies 
as high as 2,160 ~, the fundamental mode of vibration jz the only 
one that is maintained. If any higher modes of motion were 
present, they were too faint to be discerned. This does not mean 
that higher modes of motion could not be produced by any kind of 
excitation within the above ranges of frequency. The effects of 
very powerful vibrations were not investigated, 

Since the natural frequency of this diaphragm, with flat champ- 
ing, was. observed to he A, = 524 —, and since, according ta Bessel- 
Function theory, the natural frequency of the second mode of mo- 
tion should be 2.097,, we should naturally expect to find this 
second mode of motion appearing st and above 172o—. Tts mon- 
appearance may have been die to the uniformity of acoustic im-e 
presseil force over the surface, which would tend to favor the first 
rather than the second mode of forced vibration, 

The vibration-amplitude of the Haphragm was found to vary 
widely with the pitch of the exciting source. Ay or near the natural 


TABLE IL4, 
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fundamental frequency of the diaphragm, the anmplitude of the 
vibratory response was a maximtuni, Either above or below this 
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resonant frequency, the amplitude of vibration, shown by the ex- 
plorer, fell off very markedly. The curve af relative amplitude at 
different frequencies is indicated in Fig: 9. lt will be seen that 
when exciting the diaphragm with vibrations remote from the 
resonant frequency im either direction, the amplitude becomes so 
small that the degree of precision which tray be oltainalile near 
resonance is impossible to secure. The outline theory for this 
resonance curve, Fig, 9, is given in Appendix 11. [t is shown that 
if we multiply the successive ordinates by w==2en, the resulting 
velocity-valttes correspond to vector chords on a cerain velocity 
circle. 

Fig. 1B of Appendix I. gives the graph of the explored vibration 
amplitudes, at successive radial distances from the center of din- 
phragm No. 1, for the frequency 8o6~. Tt will be seen that the 
amplitude falls off smoothly fram a maximum at or near the center 
(r=0), te zero at the flat-clamped edge (r==2.62), The appilica- 
tion of Rayleigh's theory of free vibration fo these carves is given 
in Appendix I. In general, the agreement between the acoustically 
lorcet] amplitudes and theoretically computed free aniplituiles was 
satisfactory, 

At or near the resonant frequency, or natural frequency of a 
diaphragm, eapecially when its damping coeficient is smuill, eo that 
the resonance is sharp,:a small change either in itupressed freyuency, 
orin the constants of the (aphragm due to change of temperature, 
may have an appreciable influence upon the amplitude of vibration, 
In other words, although the observed aniplituides are relatively 
large, ond the precision of measurement is seemingly high, vet the 
system fs ima virtually unstable condition. Consequently, although 
‘therets no reason to suppose that the conditions at resonance differ 
from those off resonance, nevertheless, when 4 reliable and repro- 
ilucible set of observations of amplitude distribution is desired, it is 
-udvisable to select a frequency not too close to resonance, or say of 
about half the resonant amplitude, | 
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Arriicatios or Ciecucar Vetocrry-Diaceam THenry To 
Resvutts or Exrtog ations. 

It ie shown in the first-approximution theory of Appendix IL, 
that the behavior at the center of a fat-claniped circular diaphragm, 
subject to constant vilro-motive force of varying frequency, can be 
completely predicated, if three constants of the diaphragm are 
known ;* namely, 

(1) the “equivalent mass” m (gm.), 

(2) the elastic constant s (dynes per em. of displacement at 


center), 
(3) the mechanical resistance r (dynes per unit velocity at 
center ). 


All these three constants can be obtained, for am acoustically excited 
diaphragm, with the aid of the vibration explorer. 


DETERMINATION OF iit. 


In order to deterniine the equivalent: mass of a diaphragm, it 
if necessary to know the distribution of amplitude over the entire 
vibrating surface. As is-shown in Appendix [EL., when the dis- 
tribution of amplitude conforms regularly with the Rayleigh 
formula, it would appear that the equivalent mass iz 0.183 times the 
mass of the circular vibrating plate. [f, however, the distribution 
of amplitude is trregular, such as may be produced by bipolar elec- 
tromagnetic excitation of a telephane-receiver diaphragm, the coefh- 
cient 0.183 cannot be depended upon, and the proper coefficient must 
be determined by some process of quadrature, such as Appendix 
II]. describes, 

Tue Evastic CONSTANT 5. 

The constant s is the inferred clastic resisting force, which, 
acting perpendicularly upon the diapliragm's equivalent mass (at its. 
center), would produce the same effect upon the vibratory motion 
as the distributed elastic forces produce upon the diapliragm’s dis- 
tributed mass, in the presence of the purtienlar impressed force 
distrilution. ‘The simplest way to find s is to measure the natural 
fundamental frequency #, of the diaphragm, by excttme it with an 

‘See Bibliography No, & 
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organ-pipe of adjustable pitch, tuned_to produce the maxinnam vilita- 
tory aniplitude at the center, As shown in Appendix [1., the con- 
stant £ is then the product of the equivalent mass m and the square 
of the resonant angular velocity «,. 

A series of statical measurements were made, by applying small 
tensions f.. by means of a calibrated spring, to. the center of the 
diaphragm, and observing, with the aid of the explorer, the central 
displacements q,, thereby produced. Tt was found, as might be 
expecter, that the ratio of f, to w, was constant, 4o long as the latter 
did not exceed. 18, Moreover, the value of ¢ obtained from f,,‘e, 
was approximately the same as that obtained from formula (9), 
App. IL This static method of finding s, however, is inferior to 
the resonance method. because precise static measurements -are 
diffeult to obtam. The application of electro-magnetic excitation 
to a-stecl diaphragm also imposes residual stresses, which make the 
nse Of the static method unreliable. 


THe Mecianxtcat Resistance r, 


The constant r was measured, with the explorer, by photograph- 
ing the decay curve of vibration amplitude on a meving photo- 
graphic film, when the diaphragm was tapped at the ecnter, antl 
allowed to return to the equilibrium position under ita awn damping 
forces. It is-shown in Appendix I, that the resistance ¢ is twice 
the natural frequency multiplied iy the equivalent mass and the 
logarithime decrement, Fig. 10 1s a tracmg fronis photograph of 





Pia. ra. Tracing trom Photograph of Decay Curve Diaphrauny No, 4, 


the curve of decay. A stall camera, represented in Fig, 11, was 
set up in front of the explorer, ¢ontaining a photographic film 
wrapped around a metal dram, ‘The drum was motor driven at a 
peripheral speed. of approximately 4 meters per second, and the 
shutter was opened at the time of tapping the diaphragm. The 
logarithmic decrement of this curve is o484, at the frequency of 
624 —; so that with an equivalent mass ae of 7 og gm. the value of 
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r becomes 328 dynes per cm, per ste. The precision in measuring 
r by this method is relatively low, owing to the difiiculty i measur- 
ing the successive amplitudes with acctiracy, om a curve of such 
email dimensions, 

Since, as is shown in Appendix IL, a cirevlar diaphragm, in its 
fundamental mode of motion, ordinarily develops a circular graph 
of velocity, at varving impressed frequency, with constant vibro- 






Fig. tl. 
Sound-Wave Camera. 


motive force, the plan has suggested itself, m the course of this 
research, to use the cirele- velocity diagram of a diaphragm for com- 
paring the vibro-motive forees (vmf.'s) of different organ-pipes, 
In this: connection, the vmi. of a pipe at the exploring tHaghragm, 
may be defined as its harmonically varying pressare. f= Fe= 
(dynes) produced, at the diaphragm, by the pipe, tier the geo- 
metrical conditions of the systeny, including acoustic reflections from 
wills, or other objects in the room, on both surfaces of the explor- 
ing. diaphragm. In the simplest, or standard. seametrical condition, 
the standard vmi,, which is proportional to the 4quare root of the 
sound intensity’ at the diaphragm, would he observed in inte apace, 
with the orifice of the pipe facing the diaphragm at a definite dlis- 
tance, and with the diaphragm perpendicular to the line joining 
them [t is our understanding that there is, as yet, to simple pub- 
lished method of measuring the vmf. of organ pipes, ot different 


* Billography & Barton. “Text Book of Sound,” p. 217, par, 14h Ad ac 
milan Co, 1908, 


i | 
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sizes or pitches, at a definite distance {rom their orifiees, li, in-a 
given géometrical environment, pipes of different pitches are set up, 
im sticcession, at the same position with respect to the exploring 
draphragm, then the observed amplitudes, multiplied by the respec- 
tive values of w, should He on. the velocity circleliagram, if the 
vmif.'s of the pipes are the same: assuming that the fundamental 
mode of vibration is produced, that the constants of the diaphragm 
remain unchanged, and that the overtones of the pipes are negligibly 
small. The vector deparinres from the circle diagram wovk) then 
intivate the inequalities in vmf.'s. 


Q 





5 F — a | me 
#24 Fetanunce Mregquenty 
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| . - : ha 
Fra rt Diagram Showitig Strengths of Organ Pipes Given by the Viheathon 
Of a Diaphragm, 
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Fig. 12:is an inverted velocity-arele diagram for Diaphragm No, 
1, based upon its measured valucs of wn, rand s. Lf we take the 
diametral velocity OAf as § cm, per sec., with r==328 dynes per 
cm./‘sec., them the wmf. which, in the particular environment of the 
experiment, produced this velocity, would Iw 1,640 dynes, maximum 
cyclic value. The particular pipe G,(792 —), gave an observed am- 
plitude at the diaphragm center, which, multiplied by «—2= x 792, 
gives the line OG, along the chord OP, The phase-angle o mist be 
obtained by considering the mechanical reactance as in (4), App. IL. 
Lf the vf, of this pipe were the same as that which produced OM, 
this pomt G,,; would lie on the circle, Conseqttently, the vmf. of the 
pipe G, is to thatoof the pipe producing resonance, in the matic 
OG,/OP, Similarly, the vnt.of the pipe G1 ($32 —~), is less than 
that producing the resonant velocity, in the ratio OG4 /OR. It is evi- 
dent that the range of any one diaphragm, jor the precise comparison 
of vmi.’s from organ-pipes of different pitch, 6 somewhat limited. In 
the case presented, it would not exceed one octave, smce the chorils 
fur from the resonant diameter become 39 short. By selecting a 
diaphragm of relatively large damping constant A—r/am, this 
ringe can be increased, In fact, the range in w between the quad- 
rantal points GO" on the velocity cirele, is numerically equal to r/in, 
or twice the damping constant. 

A. succession of calibrated diaphragms with overlapping ranges 
might be employed to cover the musical scale: Tlie writers have 
not attempted to compare organ-pipes for standard ymi, in this 
manner, The measurenients might have to be male. out-of-doors. 
In the:sound-absorbing room in which this research was curried. on, 
the effect of sound ‘reflections from walls and other objects pre- 
vented jiny standard comparisons of vint, from: being made. 


EXPLORATIONS WITH ELECTROMAGNETICALLY Excrres DiAriRacss. 


In order to ascertain the effects of exciting a steel diaphragm 
(No, 2) electromagnetically, a No, 144 Western Electric Bell tele- 
phone receiver was-screwed into the explorer, behind the diaphragm, 
so-as to obtain the ordinary air-gap between the diaphragm and its 
two poles, The cap of screw-cover of the ordinary telephone re- 
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ceiver was here absent. Alternating current of 2 milliamperes 
(root-mean-siusre) was supplied from a Vreeland oscillator, giv- 
ing a clos¢ appresimation to a pure sine wave, and in connection 
with a Rayleigh bridge. for the simultaricous measurement of both 
the resistance and inductance of the telephone receiver, at 32. fre- 
quencies varying between 429 and 2,030 ~. Explorations were 


VIBRATION CoNnToURS 
DIAPHRAGM No.2. 





Fig@. 13. 


mate at two frequencies: one, the resonant frequency of 992—~, 
am) the other slightly below this, or OF4~. The contour linea for 
the Litter ease are presented in Fig, 13, where the outlines of the 
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two Magnetic poles are indicated in dowed lines: Tt will he 2cerl 
that while the mode of motion [s essentially fundantental, the ampli- 
tude 18 not 4 maximum at the center, as in the onlinary ‘acoustic 
case. The maximum amplitude of 2.0q js reached in an elliptical 
loop embracing the pale at the top. Insiile this loop, and im«;e, 
diately over the pole, the amplitude falls off ta 1.8 an. Over the 
pole underneath, the amplitude is about £74, but there Appears to 
be a slight diminution between the poles, If the geometrical and 
magnetic conditions: of the Lipolar systen were perfectly sym- 
metrical, these dissymmetries would presumably disappear. 

The curves of mean amplitude agningt radial distance are pre- 
sented in Fig. 14. The curve 44a corresponds to that found at 
resonance, anil shows that the amplitude is far from heing a maxi 
mum at the center of the diaphragm, owing to the attractive forces 
being established over polar areas on each) side of the center, The 
coeiicient of equivalent mass for this Curve 15 OVEr 0,5, 

The curve ABH gives the corresponding distribution af Mca 
azimuthal amplitude for the frequency of o7g—. The swelling 
of the amplitude over the poles js less marked in this case, and does 
not materimlly exceed that at the center, ‘The equivalent miss e- 
efficient for this curve is 6.36, or about double that for the Ravleigh- 
Bessel curve case, which is’ indicated by ADD. ‘The curve ACC 
gives the distribution of mean amplitude in taidial distance, for an- 
pther steel diaphragni (No, 3) in a bipolar telephone receiver, at 
the resonant frequency of 1.020 ~. 

For both steel diaphragms Nos, 2 an! 3,4 series of central 
amphtude measiremenis were mare, with the explorer, at constant 
altertiating-current excitation, fut adjustably varied frequency, 
Simultaneous measurements were made by Mr. H. A, Affel, of the 
resistance and inductance of the telephone-receiver coils, with the 
diaptiragm both free and damped, The explorer measnrements iy 
bath cases satisfactorily checked the dlectrically dedhice;! velocity - 
circle chagrams. Tt is propasel io report iipon the electrical mens: 
urements in another paper, Muorcover, starting with the anipli- 
titles, measured at the center of the diaphragm, in curves 4 and ( 
of Fig. tg, the equivalent masses of the iaphragms, computed from 
the electrical micasurements, agreed, within a few per cent., will 
these found by integrating curves 4 and ¢. 
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TEMPERATURE [CFFECTS. 


Jt was found that changes of temperature in the air surround-. 
ing a diaphragm had @ markell effect, both upon its resonance ire- 
quency, and wpe its amplitudes at any frequency. The curves rep- 
resenting « againat'r, were apt to differ appreciably m atitline fram 
day to day, The degree of tightuess of clamping also had a marked 
effect in these measurements. In general, such ilisturbances due to 
temperature and clamping, are likely to introduce tensions in the 
stibstance of the diaphragm, and to cause some of the characteris- 
tics of vibrating membranes to he anperpesed upon those of a vi- 
hrating plate. It is, therefore, desirable that the clamping should 
be effected tightly, and that the measurements should then be made 
before the temperature has changed, Strictly spenking, the Ray- 
leigh theary shows that there must be a marked difference m bert Ta 
the resonance frequency and in the distribution of amplitudes, if 
ihe diaphragm is clanmped between circular knife edges, instead of 
between circular Aat rings at the houndary, The experiments have 
shown that flat-ring clamping is more likely to give consistent re- 
sults than knife-edge clamping. These clamping diffienlties are 
accentuated ity thin glass diaphragms, for the boundary supporting 
of which, a special technique had to he developed. 


Expuopation ar Tats Giuass Diarneacss. 


From a number of thin glass diaphragms, one Diaphragm No. 4, 
was selected, on account of its unifonnity in thickness.. See Table 
TIT, It was fownd very difficult to obtain uniform results with 
this in the explorer, owing to the above mentioned troubles with 
clamping. iF inally, the glass (liaphragm was cemented, with water 
glass, toa boundary ring of glass, and this was.lightly supported le 
tween the clamping rings of the explorer. The diaphragm was 
then excited acoustically by organ-pipes. The natural pitch of the 
diaphragm was found to be 4o2—, tm the fundamental mode, On 
raising the frequency, the mode of motion was found to change sud- 
denly, at 968 —, to that of @ single nodal dinnicter, the two halves 
of the diaphragm then vibrating harmonically in opposite phases. 
This mode of motion continued until the frequency reached 1,696 ~, 
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when the nodal diameter disappeared and guve place to a single 
nodal cirete. The ratios of the above three frequencies are 1: 1.97% 
3.44; whereas, according to the Bessel-function theory, they should 
be 2:00:31. The discrepancies may readily be accounted for 
by imperfections in boundary stipport, or by temperature effects, 
Small changes in clamping were found to. exercise a> marked in- 
fuence on these ratios. 
Loavtnc oF THAMRAGM, 


In the determination of m, r ands, by electrical impedance 
incasurements* only two quantitative relations between these 
three constant’ naturally present themselves: whereas, for the 
evaluation of thee three unknowns, three independent juanti- 
tative relations must be experimentally obtained. tt had been 
hoped to derive the mussing third equation, by applying a. small 
inown Joad-ninss at the center of the diaphragm, and by repeating 
the electrical measutentents with this load m place. Electrical. cx- 
periments showed, however, that while, occasionally, consistent re- 
sults were obtained in this way, more often the results were ilis- 
cordant. The reason for the discordance bas been shown, from 
explorations of the diaphragm, to he dune to a distertion of the 
amplitude curves; whereby the equivalent mass of the lowtlel 
diaphragm is no longer the same as when unloaded. 

These conditions are exhibited in the curves of Fig. 15. E 
shows the te, r curve, for an unloaded telephonic stee! diaphragm, 
excited acoustically at *#—9ga4—, its natural frequency being "= 
S32—. The corresponding cutve F is for the same diaphragm, 
after being loaded at the center by a emall brass cylinder df 0.530 
gn, at n= 816 —, ite new natural frequency being rt, == 696 —, 
After increasing the load to 1.08 gm., the new curve is shown at & 
fxn—b660 ~, 1, —616—), The shapes af these three curves: &; 
F and G, being so different, it is evident that the equivalent muss 
of the diaphragm by ltself cannot be regarded as constant, 

‘The authors are inilelited to Dr. Geo, A. C amphell for-a number 
of valuable suggestions which he made after having read the MISS. 
of this paper; also to Professor W. C, Sabine for very useful sug- 
gestions, during the course of the research, 
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SUMMARY. 

1. The distritution of amplitudes over small circular telephonic 
diaphragms, under simple impressed vibrations, has heen mreastred, 
it is believed for the first time, by means of a new and specially 
constructed: vibration-explorer. 

2. The simple vibrations of the small steel circular liaphragms, 
used in telephonic receivers, appear to belong to the fundamental 
mode, within the orlinary telephonic range of intensity and fre- 
quency up to 2,000—, with the distribution of impressed forees 
here described, 

3. The explorations have confirmed the working theory of the 
velocity-circle diagram for such vibrations, and have afforded means 
of determming the three constants m, rand #, in thay theory, for 
acoustically excited vibrations, 

4. In the resonant condition, exploration is somewhat uncertain, 
owing to shght instability in the vibratory behavior of the dis- 

5. The distribution of forced amplitude at varying racial dis- 
tances, has been found to compare well with the Rayleigh theory 
of freely vibrating plates, when good flat clamping armmd the edge 
can he secured, and with acoustic excitation. The coefficient of 
equivalent mass appears to be 0.483 for such a case. With electro 
Magnetic excitation, the amplitude distribution nay be very different 
ant] the coefficient is ordinarily increaseil. 

6. Loading. a diaphragm with a small mass at the eeitter, de- 
creases ts natural frequency, and tetids to reduce the amplitude of 
Vibration at the center, with a relative increase at Guilying points: 
so that the equivalent mass.of the diaphragm, considered by itself, 
12 apt to be changed. | 

7. A means is suggested, based on the velocity-circle diagram, 
for comparing the acoustic intensities of Ofgan-pipes of different 
priches. 

S. The distribution of amplitudes over the surface of a steel re- 
cetving-telephone diaphragm, with bipolar electromagnetic excita- 
Hon, was found to be of findamental mode, hut with a tendency to 
form two maxima, one over cach pole. | 

Q In some:small, thin, glass diaphragnis, three modes of vibra- 
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tory motion were observed, in the range of acoustic impressed fre- 
quency tip 10 1.700 —~. 








TABLE HI. 
Friar Crecutar Drarnmacss. 

[ | "Thirhuness # 

Me i, Memearer. Cm. : Over Japa | Mase, Com, | Fr iets =" 
i Steel japanned... .- Le! 0g | 5.055 | $24 
= Steel japanned.., .- 5.53 o.n1oy $.079 | 003 
30s, Steel japanned 5.48 Oot a. tet 1020 
4 (Glee... - ae 0.0108 0.6543 402 


Arrenmx. [. 


Application of Bessel-Function Theory to a Diaphragm Mibrating 
nt its Fundamental Mode. 
Referring to Lord Rayleigh's “Theory of Sound,” Vol. 1, page 
352, the formula for the instantaneous amplitude of free viliration 
in a flat plate is, 


tt, =P {J (kr) +A, (ikr) }oos(nd +4,)-cos(al + ¢) emt, (1) 
where subscript n= the number of nodal diameters (numeric), 
*'. instantaneous amplitude at a point on the diaphragm whose 
polar coordinates are r cm., f radians (cr. | 
P=constant of amplitude-magnitude (cm.), 
ka constant of the material defined by: 


k—= V/w/e (cm.'), 
¢—a constant of the material defined by: 






ge Pin Feist) 
12zp(} — o*) ait 
g== Young's modulus for the diaphragm material (dyne, cr.*), 
p==density of the diaphragm mmterial (gms/cm.*), 
#— Poisson's ratio for the diaphragm material (numeric), 
h==thickness of the diaphragm (cm.), 
Aa constant satisfying boundary conditions (numeric), 
Ja Beseel’'s Function of the nth order (numeric), 
i—y—t, 
* Thickness of japarl o.oo74 cm. 
PROC. AMER, PHIL. t0c,, LIV, 207 |, PRINTED JOLY 6G, 2ot§- 
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a =a phast-angle measured around the diaphragm (tadians), 
wo = 22 —anpniar velocity of vibrating motion (radians/sec, ), 
#—frequency of diaphragm vibration (cycles/sec.), 
f=time elapsed irom a given epoch (seconds), 
e==_ time-phase determined by the epoch (seconds), 

radius of the diaphragm (cm.). 


For the fundamental mode of motion, n—=o:; or there must be no 
nodal diameters. Consequently (1) reduces to: 


to = P| Soler) 4 AJottkr)| cos (eat +e) cm. (2) 


Here the amplitude of vibration at any point ww, ceases to be a func- 
tion of 6, and depends only on Bessel fanctions of r, Simce we 
shall consider only the fundamental mode of vibration in what fol- 
lows, the stihseript will be unnecessary, and we may subttitute ww 
for wo. 

Continuing Lord Rayleigh’s method of demonstration, if a flat 
circtlar diaphragm is claniped at its edge between a pair of At 
circular rings, then, referring to (2), we have w vanishing at r= a, 
the clamping radius, and since there is to be no bending or slope of 
the diaphragm at the clamped boundary, we have also (dte/de) =o 
at ra, | 

Entering (2) with two, we have: 


_ Jobe) 


N= — Fylika) eC 


Also differentiating (2) with respect to r, for r—=a, we obtain: 
| aw ? 
b dp ela) He (ika) =O numeric, (4) 
whence 
Ji" (ha) ; 
pe iTV ikea) humeric, (5) 


Combining (3) and (5) we obtain: 


a 


Joka) Juha) Iya) 


125 


SURFACES OF TELEPHONIC DIAPHRAGMS. 


ions 


3 gei'e 


rasan 


oye 


\ ne 


moi | 


ie 





124 KENNELLY-TAYLOB—EXPLORATIONS OVER = [April e, 


This is-a transcendental equation involving Ressel's Functions: of 
the zeroth and first orders, [tis capable of being satisfied, by trial, 
with an indefinitely great number of roots, each corresponding to a 
possible mode of vibration with nodal circles, Fig. 14 indicates 
graphically the method of determining the successive roots of (6), 
The points of intersection of the lower curve with the successive 
descending branches, indicate the values af y=kr which satisfy 
(6), In order to have the fundamental mode of vibration, there 
must be no nodal circles, which means that the first and lowest root 
for ka must be taken in (6). This root is at ka—= 3.196. .., , Plac- 
ing this value for ka in (3) we have: 


, —Sol3.196) Peat LT ee. ere 

Y= Tli3t96) ~ 5.730 + 9,05571 numeric, (7), 
Re-entering (2) with this value of A, we have for the fundamental 
mode of vibration of the circular diaphragnt: 


Waar = Pt, (kr) 4- 0.05571 o(ikr) } em (3) 


In Fig. 18, the abscissas correspond both to kr, where k= 1.21 em, 

and to rin-em., the relation being as already pointed ont that at the 
boundary *—o¢— 2.62 em. and kr== 3.190. The ordinates are the 
numerical values of Bessel’s functions as taken from Tables. They 
also represent vibratory amplitudes of the diaphragm, taking the 
maximum amplitude at the center (Fa) in microns, correspont- 
ing to the heavy curve, ‘The upper faint curve shows the graph 
ot the first Bessel function Ja(kr); while the lower faint curve 
shows the corresponding graph of A times the second Bessel tune- 
tion, or 0.0557 1Ju(ikr)., Adding these two graphs, as called for by 
(2), we obtain the heavy curve, which represents the theoretical 
amplitude of vibration along any radius of this particular chia- 
phragm, assuming such a scale that 1.056 corresponds to the maxi~ 
mum or central amplitude. The small circles near this curve show 
the amplitudes observed with the aid of the vibration explorer, 
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Aprenpix I. 


Elementary Theory of the Steady Vibration Amplitude of a Dia- 
phragm Vibrating in its Fundamental Mode, as oa 
Function of the Impressed Frequency. 


Let w= the vibration amplitude at the center of the diaphragm’ 
(cm. £ Jy 
té-== the vibration amplitude at the radius r (om. 2), 
w=—the vibration velocity at the center of the diaphragm 
(em./sec.Z ), 
=the vibration acceleration at the center of the diaphragm 
(em./sec" 2), 
r= frictional resistance to motion of the diaphragm, re- 
ferred to the equivalent mas:, see below (dynes/cm. 
per sec. £ ), 
t==clapsed time from a given epoch (seconds), 
¢—elastic force of the diaphragm per cm. of displacement, 
referred to the equivalent mass. (dynes per cm. / ), 
f—Fe™ impressed simple harmonic moving force on the dia- 
phragm tending to produce displacement w, and 
measured in the direction of w, referred to the equiv- 
alent mass (dynes / ), 
i=V—t, 
e—2en =the angular velocity of a simple harmonic motion of 
frequency » (tadians/sec.), 
m=equivalent mass of the diaphragm, defined by the con- 
dition that the energy of motion of this mass with 
the velocity «? at the center, is equal to the actual 
energy of the diaphragm with its distributed mass 
and velocities, according to the equation: 


ms... 2p! , 7 
aC pli 1 rw) dr ergs, (1) 
where p’==superiicial density of the diaphragm (gm_/cm*), 
arp" ) 
m= =i (tw, )*rdr HiT ay (2) 
tnx i 


*The sign ¢ after a unit indicates a“ complex quantity.” 
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since the velocities tw and w, being assumed simply harmonic, are 
respectively proportional to their maximum displacements tts, and 
Tr. 

Then on the assumptions that the diaphragm vibrates like its 
equivalent mass collected at the center, with its observed central 
velocity, with an elastic opposing force stv on this mass, propor- 
tional to the displacement, and with a resisting force rv on this 
mass proportional to the velocity, ther the equation of motion of 
the diaphragm in terms of equivalent mass will be* 


ste! + riit nce =f — FF“ dynes i (3) 


The solution of this equation, in terms of velocity w, and the 
steady state, is known to be 





Pecme at 


“7 hn a 
+i (ms~*) ns 


hE Di | 


nit, 


hat =e fat 
* ane. fy (4) 


where © is the “mechanical reactance," and 2 is the complex 
“mechanical impedance,” by analogy to alternating electric current 
theory. Both + and 2 have the same dimensions as r. 

The mechanical impedance relations are indicated in Fig. IL-l 
at the Jett-hand side. OX and OF being rectangular coordinates, 
the * mechanical resistance” r in dynes per unit velocity, ts meas- 
ured along OX, and is assumed to remain constant at all frequencies. 
As the frequency w is increased (and with it the vibratory angular 
velocity w) from zero to infinity, the reactance # == (imo—s/w) 
varies fram — « to-+4- along the line yXy’. The mechanical im- 
pedance = which is the vector sum of r and ir, will be represente:l 
hy accomplex quantity, ar plane vector Op, the extremity of which 
remaims on the line yAy'. At the particular or resonant value of 
w, for which mo—s/e—0o, the reactance vanishes, and the im- 
pedance = coincides with the resistance r, As shown in the figure, 
pf lies above OX, corresponding to a valwe of « somewhat greater 
than the critical or resonant value. 

"See Bibliography No, & 
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Equation (4) shows that the displacement velocity zw is equal to 
the impressed vibro-motive force f, divided by the impedance 4, 
The locus of this velocity, as uw varies from oto » with constant F, 
becomes a circle OMP, the diameter OM of which is equal to Fr 
em. per sec, while the angle 2 of the chord OP, measuring the 
velocity, is equal and of opposite sign to the angle a of ‘the im- 
pedance =. In the case represented by Fig. a4, the telephone lin- 
phragm No. 2 was actuated electromagnetically at constant alternat- 
ing-current strength, under varying frequency. At the frequency 
n—=992 ~, the vibratory velocity OA{— 4.8 cm. sec., was a maxi- 
mum, and was in phase with the impressed vibro-motive force J’. 
At #004 —, the mechanical impedance had increased to ap at the 
angle a—14°, and the vibratory velocity had fallen from OM to 
OP or from 48 to 4.65 cm, per sec. lagging in phase behind the 
impressed vibro-motive foree by 14°. The diagram shows that 
between the frequencies of O23 and 1,074 —~, the vector displace- 
ment velocity w had moved over nearly the entire circumference of 
the velocity circle OMP, and from a phase nearly 90° ahead of the 
impressed vibro-motive force to nearly go" behind it. 

Lf we integrate (4) with respect to time, we obtain, for the steady 
state of motion, 


; 7 ten baat : dort 
w= f iwe= fw = =— ae em. Z. (5) 


tat a 





This shows that the instantancous displacement is « times less than 
the corresponding instantancous velocity, and is 90° belnnd it in 
phase. If we consider the maximum displacement, we have 


iF Hi 

Tse = em. (6) 
The locus of tia; is therefore a closed curve distorted from a circle 
by the effect of varying # in the denominator, Considering it as 
an approximate circle for this case, the diameter OM" corresporid- 
ing to n==992—~ represents a displacement amplitude of 7,74, 
lagging approximately go* behind the maximum velocity OM. At 
the Frequency o4—, the displacement would le OP = 7-48 ay 
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lagging go° behind OP. As the frequency varies between 923 and 
1,074 ~, the displacement amplitude almost covers the entire graph 
of the approximate circle OM'P’, commencing at about 1p, nearly 
im phase with the vibro-motive force, and ending at about 1p in 
nearly opposite phase. These amplitudes correspond to the orili- 
nates of the resonance curve in Fig. 0. 

ft follows from (4) that if the vibro-motive force f is kept 
constant, and the angular velocity adjusted until the central vibra- 
tion velocity is a maximum, this will occur when the mechanical 
reactance is zero, or when 


wi _tlynes 
eS em,./sec." (7) 
that is 
Per | radians g. 
= ve ae «| 
So that 
| chynes 
— . pal Yate En, 
= ming aaa (9) 


When the vibro-motive force f is niade to vanish in (3) ‘with the 
diaphragm in motion, the solution of the equation is 


tt 
w= We ™ sin (at+e) em., {10} 


where W is the initial displacement (cm), and ¢ a suitable phase 
(radians). 1f we obtain two successive values of tw, (1, anil qw,), 
corresponding to two successive clongationa in the same direction, 
we have 

ee gi- = AM numeric, (11) 
whence 


r—2mn loge (w/t), dynes/ (cem./sec.), (12) 


where A is the damping constant (1/sec.), 


The quantity loge (t,/s,) is well known as. the logarithmic 
decrement of the decay curve. 
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| Arrenoix IL, 
Elementary Theory of Equivalent Mass. 

In (2) of Appendix IL, the expression for equivalent mass m is 
m= i} wer dr wim. (r) 
or mt is the mass which, vibrating at the center of the diaphragm 
with the observed maximum ampltiude tne, would have the same 
kinetic-energy as the total distributed kinetic energy of the dia- 

phragm. 

In order, therefore, to determine the equivalent mass of a dia- 
phragm, it is necessary to integrate r times the square of the ampli- 
tude over its surface, Assuming that the vibration follows Ray- 
leigh's Bessel-function theory a3 outlined in Appendix L, it should 
be sufficient to integrate w*-r over the surface, mathematically. 
We are indebted to Dr. Geo. A. Campbell for an indication of the 
solution of this integral.” 

In (1) 

Cmax = PLS, (0) ++ al, (10) ] =P(1+.X) em. (2) 
by reference to (8) Appendix I[., putting r—o. 
Also 
t= PJ, (kr) +A, (ik) | en. (3) 


a7)’ i Pa aaa 
ait = Go , PP? Se (kr) + MJ ot(skr) 
+anJulhr)Jolikr|ndr (4) 


ae ‘J | | Sidbele cds 

= a+ x)? [_[2eenr 4 dr +f Mi elter)r dr 
+ [an sler) Jetitrr . ar | 
~ = 


= Gk | Jit(ka) + Je(ha) | 


Mat a | eo caie 

4. - : l Fotaka) + Jake) | 
+: ap (kJoliha) Sy (ka) — th Jo(ka) Jy(ika) | |. (5) 
19 Biltiography (119, (tz), (ta). 
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where. 
J2(kr) stands for {J,(kr)}*. 


But Af— sp'a" is the total mass of the vibrating diaphragm area. 
Sa = Ga | Joka) + S(ka)| + | J@lihe) +3 Aleka) | 
niet (6) 

+5 | Foltka) Sy (ka) — aJylha) Sy (tka) | |. 


Applying the ratios of (6) Appendix T., this reduces to: 


un = =a - 2S irika) 


| 
” Ghogszae 2786-198) 
_, 020378 
‘ants 
= 0.18285 


or, to three significant digits, 0.183. 

The “equivalent mass coefficient,” 0.183, for this diaphragm, 
had also been obtained by quadrature methods applied to the heavy 
curve in Fig: 1, before the integration was performed as above. 

In the case of steel telephone diaphragms excited by bipolar 
electromagnets, the curves of zw,, ¢ are likely to depart from simple 
Bessel-function curves, see Fig. t4. In such cases, the coefficient 
of equivalent mass must be deduced from the exploration curve, In 
cases examined, this coefficient varied between 0.2 and 0:5. 

A quadrature method employed to find the equivalent mass 
cocfiicient: from curves of any shape is as follows: 

Draw the w, ctrve as in Fig. 18. Divide the line of abseissas 
into an integral number # of annular rings of equal aten; so that 
each ring will have a mass of AMf/n, where MW ts the total mass of the 
circular vibrating area of the diaphragm, in grams, We then 
multiply this annular mass into the square of the observed ampli- 
tudes at the middle points of the successive annuli, The sum of 
these terns will he equal to the product of the equivalent mass mt, 
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and the square of the maxtmum observed amplitude at the center, or 


M Sw? 
ee Wes em: ) 





The preceding table sets forth this process for the curve of Fig. 
18, drawn theoretically, and checked observationally, with n—§9, 
or the diaphragm divided mto 50 annuli of equal mass. The restilt 
is that the equivalent mass iz 18.3 per cent. of the actual mass of the 
vibrating area. This result checks that obtained from the mathe- 
matical integration of the Bessel curve. 


Although 50 annuli of equal aren ond mass were taken in the 
case above worked out, 40 as to attain a fairly high degree of pre- 
cision in the evaluated equivalent-mass coefficient; yet, for many 
purposes, a sufficient degree of precision might be attained by taking 
only to such equal annular areas, 


BIRLIOGRAPHY. 


t. Rayleigh, " Theory of Sound,” Vol. 1, p52, Macmillan Co., 1894. 

2 R. Kempf-Hartmann, Ann. de Physik, 8, pp. g81-238 June, yon 

a W. Wien, Ann. de Piryaik, 18. 5, pp. 1049-1023, December, 1902. 

4 Henri Abraham, Comptes Remilus, Vol. 144, 1007. 

e. Frederick K, Vreeland, Phys Review, Vol. 27, p, 286, hone. 

& Barton, “ Text-Rook of Soul,” p 211, See, 146, Macmillan Co. 1a, 

7. Chas: F. Meyer and J. B. Whitehead, Trane: A. Lb EE. Vol ar, H. pt. 
ty7-1418, rors. 

8A. E. Kennelly and G. W. Pierce. “ The Impedance of Telephone Re- 
ecivers aa Affected by the Mation of Their Diaphragms.” Proc Am 
‘Acai of Arta and Sct. Vol. 48 No. i September, 1912, p. 198%: also 
Efecincal World, September 14, 1912. 

® L. Bonthillon and L. Drovet, La Révoe Electrique, Octoher wi, tot (paths, 
January 15, 1915), 

10. Augustin Guyau, “Le Téléphone Instrument de Mesure.” Ganthier- Villars, 
Paris, 1914 

tr. EF. Jahnke aod F. Emde, “ Funktionentafeln mit Formeln aod Kurves.” 
p. 166 (3) and (4). 

2 Paul Schofheitlin, “Die Theorie der Besselochon Fanktionen," rp. 69 
and 6. 

13: W, EF Byerly, “ Fourier's Series and Spherical Harmonics.” p. 233 


19381 SURFACES OF TELEPHONIC DIAPHRAGMS. 195 


TABLE OF SYMBOLS. 


a= Radius of the diaphragm clamping-circle (cm.}, 
a,—=A phase angle measured around the diaphragm (radians), 
6—=Thickness of the diaphragm (cm.), 
€==A constant of the material of the diaphragm (cm./second 4 ), 
d=Sien of differentiation 
1 Damping Ponstiant — A low, (tym. ) = rom (second? }, 
e=Time-phase (radians), 
e=—=Napierian logarithmic base (numeric), 
f=Fe“ Impressed simple harmonic moving force on. the 
(diaphragm: (dynes) / 
{,= Statical tension (dynes), 
f= Maximum value of 4 vibratory force (dynes), 
i= yy —t (numeric), 
J, =A Bessel’s Function of the nth order (ttumeric ), 
/' => The first derivative of J with respect to r (numeric), 
-&=A constant of the maternal of the diaphragm, defined by 
k=(Vw)/e (em-*), 
£= Distance from mirror to scale of explorer (em.), 
(= Radius arm of small mirror in explorer (cm.), 
A= constant satisfying boundary conditions (numeric), 
M=—Total mass of diaphragm (in Appendix IT) (gm-.), 
M = Magnification factor of explorer (numeric), 
+= Equivalent. mass of the diaphragm (gm), 
a= Micron, 10% cm, (cm), 
n= Frequency of diaphragm vibration (cycles/second), 
%,—= Resonant frequency of diaphragm vibtation (cvcles/sec), 
}= Number of antular rings in equivalent mass theory of App. 
TU (numeric), 
n (Subscript) Number of nodal dinneters (order of Bessel’s 
Function) (numeric), 
P=Constant of amplitude-magnitude (em.), 
= 3.1410 (numeric), 
= Angle in the explorer between the plane of mirror aud plane 
of diaphragm (deg.); 
q== Young's modulus for diaphragm material (dynes/em.), 
oe . : = dynes 
f= Frictional resistance to motion of diaphragm cana 
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y= Distance along a radius (cm.), 
p=Density of diaphragm material (gm./cm,"), 
pe = Superficial density of diaphragm (¢m./cm.*), 
s= Elastic force of diaphragm per centimeter of displacement, 
referred to equivalent mass (dynes,‘cm.), 
== Poisson's ratto tor material of diaphragm Lueceiaciay 
==Sign of summation, 
#== "Time elapsed from a given epoch (seconds), 
é—=Azimuth angle measured on surface of diaphragm (radians) 
vinf. = Vibro-motive force (dynes) /, 
r= Initial displacement in a vilratory motion (em.), 
w o— Amplitude of a point on-surface of diaphragm for fun- 
damental mode of vibration (em:) /, 
ww, = Amplitude of vibration of a point at radius r from center of 
thaphragm: (¢m,) /, 
tt. = Instantaneous amplitude of vibration (cm,), 
Tea = Maximum cyclic amplitude at center (em, ), 
w= Vibratory velocity at center of diaphragm (cm./sec.) /, 
w= Vibratory acceleration at center of diaphragm (cm./sec®) /, 
tt, =Statical displacement of center of diaphrairm (emi,), 
i=l tte —s/m) “ Mechanical reactance” of vibrating diaphragm 
(by analogy to alternating-<current theory) {dynes/(em./ 
sec.) Zi 
2=(r+ ir) “ Mechanical impedance” of vibrating diaphragm 
(by analogy to alternating-current theory) {dynes /(em,/ 
sec} 2, 
= 2en—Angular velocity of vibratory motion (radians /see,), 
4) — 2en, = Angular velocity at resonance (radians/see,), 
*% = Infmity, 
/ =This sign after a unit indicates a “complex (jtiamtity,” 
= Cycles or vibrations per second (eyeles/sec,). 





THE RULING AND PERFORMANCE OF A TEN INCH 
DIFFRACTION GRATING. 


Ev A, A. MICHELSON, 
(head April a2, tors.) 


The principal element in the eficiency of any spectroscopic appli- 
ance is its resolving power—that is, the power to separate spectral 
lines. The limit of resolution is the ratio of the smallest difference 
of wave-length just discernible to the mean wave-length of the pair 
or group, Ifa prism can just separate or resolve the double yellow 


line of sodium its limit of resolution will be sit a or appraxi- 
Sa 


mately one one thousandth, and the resolving power is called one 
thousand, 

Until Fraunhofer (1821) showed that light could be analyzed 
into its constituent colors by diffraction gratings this analysis was 
effected by prisms the resolving power of which has been grailnally 
increased to about thirty thousand. ‘This limit was equalled if not 
surpassed by the excellent gratings of Rutherford, of New York, 
ruled by a diamond point on speculum metal, with something file 
20,000 lines, with spacing of 500 to 1,000 lines to the millimeter. 
These were superseded hy the super) gratings of Rowland with 
something over one hundred thousand lines, and with a resolving 
power of t50,000.7 

The theoretical resolving power of a gTating is given as was first 
shown by Lord Rayleigh by the formula R— nim, in Which wm is-the 
total number of lines, and m the order of the spectrum, An equiva- 
lent expression is furnished by 


R=. (sin, +++ sin #), 


'The 64 in. gratings now ruled on the Rowland engite have a much 
higher resolving Pewer—prohably goo.qoo, 
PROC AMER, FHIL boo LY, 207 j, PeIXTED JULY 7, rons, 
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where / is the total length of the ruled surface, A the wave-length of 
the light, 7 the angle of incidence and @ the angle of diffraction, and 
the maximum resolving power which a grating can have ts that 
corresponding to i and @ each equal to 90° which gives R==a2l/,; 
that is twice the number of light waves in the entire length of the 
ruled surface. 

This shows that neither the closeness of the rulings nor the total 
number determine this theoretical limit, and emphasizes the im- 
portance of a large ruled space. 

This theoretical limit can be reached, however, only on the con- 
dition of an extraordinary degree of accuracy mn the spacing of the 
lines, Several methods for securing this degree of accuracy have 
been attempted but none has proved as effective as the screw. This 
must be of uniform pitch throughout and the periodic errors must 
be extremely small, 

Fora short screw, for example one sufficient for a grating two 
inches in length, the problem is not very difficult, but as the length 
of the screw increases the difficulty mereases in much more rapid 
proportion. It was solved by Rowland in something over two 
years. 

since this time many problems have artsen which demand a 
higher resolving power than even these gratings could furnish. 
Among these is the resolution of doubles and groups of lines whose 
complexity was unsuspected until revealed by the interferometer and 
amply verified by subsequent observations by the echelon and other 
methods. 

Others that may he mentioned in this connection are the study of 
the distribution of intensities within the spectral “lines”: their 
broadening and displacement with temperature and pressure; the 
effect of magnetic and electric fields, and the nicasurement of mo- 
tions in the line of sight, as revealed by corresponding displacement 
of the spectral lines in consequence of the Doppler effect. 

All of these have been attacked with considerable success by 
observations with the echelon, the interferometer and the plane- 
parallel plate. These methotls have a very high resolving power, 
but labor under the serious disadvantage that adjacent succeeding 
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spectra overlap, making it difficult to interpret the results with 
certainty. 

Some twelve years ago the construction of a ruling engine was 
undertaken with the hope of ruling gratings of fourteen inches— 
for which a screw. of something over twenty inches is necessary. 
This screw was cut ina specially corrected lathe so that the original 
errors were not very large, and these were reduced by long attrition 
with very fine material until it was judged that the residual errors 
were sufficiently small to be automatically corrected during the 
process of ruling. ) 

The principal claim to novelty of treatment of the problem lies 
in the application of interference method to the measurement and 
carrection of these residual errors. 

For this purpose one of the interferometer mirrors is fixed to 
the grating carriage, while a standard, consisting of two mirrors ata 
fixed distance apart, is attached to an auxiliary carriage. When 
the adjustment is correct for the front surface of the standard. 
interference fringes appear. The grating carriage is now moved 
through the length of the standard (one tenth of a millimeter if the 
periodic error is to be investigated ; ten or more millimeters if the 
error of run is to be determined) when the interference fringes 
appear on the rear surface, This operation is repeated, the differ- 
ence from exact coincidence of the central (achromatic) fringe 
with a fiducial mark being measured at cach step ity tenths of a 
fringe (twentiecths of a light-wave). Asa whole fringe corresponds 
to one hundred thousandth of an inch, the measurement is correct to 
within a millionth of an inch. 

The corresponding correction for periodic errors is transferred 
to the worm-wheel which tts the screw; and for errors of run to 
the nut which moves the carriage. In this way the final errors have 
been almost completely eliminated and the resulting gratings have 
very nearly realized their theoretical efficiency. 

A number of minor points may be mentioned which have con- 
tributed to the success of the undertaking. 

(a) The ways which guide the grating carriage as well as 
those which control the motion of the ruling diamond must be very 


140 MICHELSON—RULING AND PERFORMANCE = [April za, 


true; and these were straightened by application of an auto-collimat- 
ing device which made the deviation from a straight line fess than 
4 second of are. 

(#) The friction of the grating carriage on the ways was 
diminished to about one tenth of that due to the weight (which may 
amourit to twenty to forty pounds) hy floating on mercury. 

(¢) The longitudinal motion of the screw was prevented by 
allowing its spherically rounded end to rest against an optically 
plane surface of diamond which could be adjusted normal to the 
axis of the screw. 

(d) The screw was turned bya worm wheel (imstead of pawl 
and ratchet) which permits a simple and effective correction of the 
periodic errors of the screw throughout tts whole length. 

(e) A correcting device which eliminates periodic errors of 
higher orders, 

(f) lt may be added that the nut which actuates the carriage 
had bearing surfaces of soft metal (tm) instead of wood, as in 
preceding machines. It was not found necessary to unchimp the 
nut in bringmyg it back to the starting pont. 

Finally it may We noted that instead of attempting to eliminate 
the errors of the screw by long continued grinding—which inevitably 
leads to a rounding of the threads—it has been the main object to 
make these errors conveniently: small; but especially to make them 
constant—for on this constancy depends the possibility of auto- 
niatic correction. 

The accompanying photograph made with a ten-inch grating, 
éth order (actual ruled surface 9.4 inches by 2.8 inches), used in 
the Littrow form with an excellent 8-inch lens by Brashear, is given 
in evidence of its performance. The resolving power as shown by 
the accompanying scale of Angstrom units is about 450,000; The 
original negative shows a resolving power of about Gooooo. The 
theoretical value ts 650,000. 

Doubtless the possibility of ruling a perfect grating by means of 
the light waves of a homogeneous source has occurred to manv— 
and indeed this was one of the methods first attempted, 

It-may still prove entirely feasible—and is still held in reserve if 
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serous difficulty is encountered in an attempt now in pregress to 
produce gratings of twenty inches or more. Such a mcthod may be 
made parth or perhaps completely automatic, and would ‘he inde- 
pendent of screws or other instrumental appliances. 





ESLARGEMENT OF FHOTOGHAPH OF THE GREEN MENCIEY LINK ) S461, taken 
hy H. L Lemon with to-inch, diffraction grating im sixth order; Seales. 
vision ao; A.C; oiled surface 644 Inc ate my tt.700 fines per ich, 
Mounted in Littrow fonm-with &inel lena bry Brashear. Foeal length 20 feet. 


It may be pointed out that an even simpler and more direct 
application of light-waves (rom 2 homogeneous siurce is theoretic 
ally possible and perhaps experimentally realizable. 

lf a point source of such radiations send its light-waves to a 
collimating lene and the resulting plane waves are reflected at normal 
incidence irom a plane surface, stationary waves will he set up Rs 
inthe Lipprnan plates; these will impress an inclined photographic 
plate with parallel fines as in the experiment of Wiener: and the 
only limit to the resolving power of the resulting grating is that 
which depends on the degree of hamogencity of the light used, As 
some of the constituents of the radiations of mercury have been 
shown ito be capxible of interfering with difference of path of over 
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a million waves, such as grating would have a resolving power 
exceeding @ million. 

This investigation has had assistance from the Bache Fund of 
the National Academy of Science, from the Carnegie Institution, 
and from the University of Chicago. 

In addition to the grateful acknowledsment to these institutions 
I would add my high appreciation of the faithful services rendered 
by Messrs, Julius Pearson and Fred Pearson. 


THE CONSTITUTION OF THE HEREDITARY 
MATERIAL. 


By T. H. MORGAN. 
(Read April 23, 2674.) 


There are two ways in which the relation of the egg to the 
characters of the individual that develops from the egg has been 
interpreted. 

1, The egg has been thought of as.a whole and the characters 
of the individual as the product of its activity as a unit. 

2. The egg has been thought of as made up of representative 
particles of some sort that stand in a definite relation to the parts 
of the individual that comes from the egg. 

Weismann, whose speculations occupied the forefront of interest 
at the close of the Iast century, adopted the latter view; namely, 
that the germ is made up of particles, which he called determiners. 
For Weismann embryonic development became merely the sorting 
out of the particles of the germ to their respective parts of the 
embryo. Each region of the body owed its peculiarities to the 
particles that came to it by this sorting-out process. In fact, one 
may go so far, I think, as to say that Weismann borrowed from 
Roux this particular form of the preformation in order to give a 
formal explanation of embryonic differentiation. But Weismann's 
theory soon encountered three serious reverses, 

In the first place, the study of the minute structure and behavior 
of the segmenting egg shows no evidence that any such sorting-out 
process takes place, as Weismann postulated, It has been shown 
that the chromosomes divide equally at every division, and that 
every cell of the body contains the entire complex that was present 
in the fertilized egg-cell itself. 

In the second place, it was shown that the sequence of the 
cleavage planes of the egg could be artificially altered, yet a normal 
embryo develop. 

143 
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In the third place, it was shown that in some tgs each of the 
first two, or first four cells derived from the egg is capable of forn- 
ing a whole embryo. This result creates a strong presumption 
agaist the adequacy of Weismann's interpretation of development, 

Meanwhile one of the greatest biological discoveries of the last 
century—one that had a very direct bearing on the traditional in- 
terpretations of predetermination—was forgotten. 1 refer to 
Mendel's work. Mendel showed that when two related organisms, 
differing from each other in a-single character. are crossed, and 
their offspring are again bred together, that in the second. genera- 
tion individunls appear that are like their grandparents. He showed 
that the numerical proportions; in which they appear, could) be 
explained on the assumption of one factor difference between the 
original forms, This result might be interpreted. to mean: either 
that the two original germ cells, taken as a whole. represent such 
a factor difference; or it might be interpreted to mean that the 
original germ cells had one particulate difference. But Mendel went 
further, and showed that when two relates organisms that differ in 
two, or three, or more different characters are bred to cach other, 
all pessihle combinations of the original characters appear later, It 
night seem then that we must abandon the view that cach germ ecll 
is to be thought of as a whole. for we see that the parts of each 
can be separated to become parts of others. In this sense Mendel’s 
restilts seem to furnish a brilliant confirmation of Weismann’s 
theory, in so far as it relates to preformation in the geri, and in 
the tast edition of fis " Vortrage ueber Descendenz Theorie,” Weis- 
mann putin hts claim to this verification, 
| | In fact, Mendel’s discovery does furnish a strong aAtPuMment 1 
favor of that part of Weistnann’s view that deals with the con- 
stitution of the germplasm, but it by no teans confirms that part of 
Weismann’s theory which postulates that etnbryvanie dey 
is @-Sorting-out process of represetitative particles, 

Let us turn our atietition, then, 10 Mendel's law and examine in 
how far it justifies an assumption that there are specific stliat 
im the germ cells, 

Mendel's law. postulates that the early: gerny cells- (and it nity 
he added all of the body cells too) contain two of each kind of the 
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hereditary factors—one derived from cach of its parents. Men- 
del's law postulates further, that, in the ripening of the geri cells, 
the members of each pair separate (Fig: 1), Each mature germ 
cell comes 16 contain but 2 single dement (or factor) of each kind. 





Fie i. Diagram to Wustrate segregation of factors. The four pairs of 
factors represented inthe upper circle hy AA; BB, CC, OD, undergo segrega- 
tien 60 that each germ cell comes to contaiti one nrember of each pair. 


Now students of cytology had quite independently come to this 
same conclusion in regard to the germ cells, They had found that 
each cell contains a definite number of chromosomes, and that there 
are two of cach kind of chromosomes in every cell—one from each 
parent (Fig. 2,0), Ut had been found that at the ripening of the 
germ cells the members of each pair of chromosomes conjugate 
(Fig. 2, }). and then separate from each other ( Fig. 2, ¢), so that 
cach mature germ cell comes to contan but a single set of chrome- 
somes (Pig. 2, d), Furthermore, students of experimental em- 
brvology had obtained independent evidence pointing to the chronw- 
somes as the hearers of the liereditary materials. 

We find, then, that, ¢ytologists had discovered a mechanism 
in the cell that they had reason to think was the bearer of the 
hereditary matenals, and that the mechanism fulfills, the essential 
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requirements of Mendel's postulates. There were two further steps 
necessary to bring the two lines of inquiry into complete accord; 
namely, (1) correspondence between the number of the chromo- 
somes and the groups of inherited characters, and (2) the inter- 
change between the members of the same pair of chromosome. 





Fim 2 Diugram to illostrate segregation of chromosames. The four 
pairs of chromosomes m the upper circle (a), conjugate in (bY (aynopsis 
sage), prepare for separation in (¢) and undergs segregation #0 that each 
germ cell (d, d') comes to contain one metnber of each pair, 


The number of chromosomes is small in comparison with the 
large number of different characters that an animal or a plant pos- 
sesses. We should expect therefore if in any animal or plant 
a sufficient umber of character-differences were known that the 
characters would be found to be inherited in groups, and that the 
number of such groups should be the number of chromosome pairs 
that such an animal or plant possesses, In very few cases have 
enough characters been found to make such a comparison of any 
valuc. 
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But in the fruit Ay, Drosophila, that has been intensively studied 
for five years, over a hundred new, and inherited characters have 
appeared, They fall into four great groups. A parttal list of the: 
four group is as follows: 


Gaour I. Gaur IL 
1K ae, Regen Affected, Smet. Repon Adected, 
Ablmort£il Abdomen Antlered Wing 
Bar Eye Apterans Wing 
Bit Venation Are Wing 
Ing Balloon Venation 
Cherry Eve color Black Body color 
Chrome Body .€0 color ilistered Wing 
Cleft Coma Thorax mark 
Club een Confivent Venation 
Depressed Wing Cream I Eye color 
Detted Thorax Curved Wing 
Engin Eye tolor Dachs Legs 
Aonae a pera = Wein. Woe 
orkes pines ringer! : 
Furrowed ee | jaunty Wing 
Fused /enation ited Abdominal band 
‘Green Body color Little crossover = Ts chromosome 
aunty Wing Morula Ominatidia 
Leman Body color Olive Badly color 
Lethals, 13 Plexus Venation 
Miniature Wing Purple thor calor 
Notch Venation Speck o orax mark 
Reduplicated Eye color Strap 
Ruby Legs Streak Paar 
Rudimentary Wings ‘Trefoil Pattertt 
sable Body color Truncate Wing. 
Shifted Venation Vestigial Wing 
Short Wing 
Skee Wing 
Spoon Wing 
spot Body cofor 
Tan Antenna 
Truncate Wing 
Wermilion Eye color 
White Eye color 
Yellow Body: color 
Geovr ITT. ‘ Greour IV. 
Nair Region Affected, Name __ Region Affected 
Band Pattern Bent Wing 
Reade! Wing Eveless Eye 
Cream ITT Eye color 
Deformetl Eve _ 
wart Sive of body 
y Body colar 
Ghurat Size of body 
Kidney Eve 
Low crogingover iil chromosame 
Maroott Eye color 


Peach Eye color 
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Name. Reghoo Affected. 
Pink Eve color 
Rough ve 
Sa franit Eye color 
Sepia Eye color 
Sooty Body color 
spineless Spines 
Spread Wi trege 
Trident Pattern 
Truncate intense’, Wing 
Whitehead Pattern 


White ocelli Simple eye 


The four pairs of chromosomes of Drosophila are shown in the 
Next diagram, Pig. 3. 


9 





IN 


Pie 3. Dhterran of the four purrs of chromusomes of Drosopttils ampel- 
ophila; to the left the chromoromes of the fernmale!: to the fight those of 
the orale. 





The correspondence between the four character " 


roups aml the 
four pairs of chromosomes is oblivious v 


ven to the size relations. 


This relation, or corresponilence, docs not however tell ye Aity- 


thing in respect to the way in which the chrome 


somes atnnd for the 
characters of the group. 


=O far, the result cmly shiaws that the clinr- 
ficters of a given group are in some Way represented ina particular 
chromosome, Chur work has, however, carried 16 bey 


ond this paint, 
Pmay dlustrate this by an example 


trom the first proup; containing 
sex linked clinracters, We mean ly ex Hinked) chur. 


acters that they 
follow the known. distriliition of the X chromosome, For in. 
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stance, the factor that determines the character for white cyes is 
sex linked, as is also the factor that determines the character for 
miniature wings. If we cross a female with white eyes and minia- 
ture wings to a male with red eyes and long wings, the sons will 
have white eves and miniature wings. The explanation of this 
tesult is found in the distnbution of the chromosomes: The sons 
get their single X chromosomes from their mother, Hence they 
show the characters that this chromosome carried in the mother, 
who had white eyes and miniature wings. The daughters, how- 
ever, get one of their X chromosomes from their father through 
his female producing sperm, This chromosome carried a factor 
for red eyes and another for long wings, which factors dominate 
those cammed by the other X chromosome that the daughters get 
fron ther mother, namely, the factors for white eyes anil for 
miniature wings. These relations are shown in Fig. 4. 

lf these daughters and sons. are bred to cach other they produce 
four kinds of miividuals, viz., red long, white miniature, red minia- 
ture, and white long. ‘These are the four classes that Mendel’s law 
calls for, but they do mot occur in the Mendelian proportion 
(9: 3::3:1) when two pairs of factors, as here, are involved. 
The reason for this istwo-fold. In the first place the female alone 
carries two X chromosomes. The male carries but one. Hence 
there ts an unequal distribution of the X chromosomes in. the 
spermatozoa, for, only half of them can get an X chromosome. 
These are the femule-producing spermatozoa, “The result is, as has 
heen shown, that in the first-generation the sons inherit thei single 
X vhromosome from their mother and none of the dominant char- 
acters of the father. Since in this case the sons carry no dominant 
factor cither in their X bearing (female producing), or in their 
Y bearing (male producing sperm), the second generation here 
reveals completely the composition of the egg cells that the F, 
fermale carries. 

(in Mendel's law of random assortment of two pairs of factors 
we should expect the four classes that here appear in the second 
generation to be equal in number, On the contrary we find that 
twooot them are twice as numerous as the other two. On inspec- 
tion we see that the two larger classes are white miniature and red 
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Fics. & Diagram to show tlhe inheritance of twe fairs of recessive wex 


linked characters, vic. white eyes (W) and miniature wings (M1). 
mal, dominant allelomarphs of these factors are omitted. 


The nor 
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long. These correspond to the two grandparents. The two amaller 
classes are white Jong and red miniature. 

We can account for this result if we assume first that the two 
factors that went in together in the same chromosome tend to hold 
together. This would account for the two larger classes. Second 
that the two amualler classes are due to interchanges between the 
two X chromosomes: Such interchange would here take place only 
ence in three times. 

We can test this conciusion by planuing the experiment in such 
a way that white and miniature now go in from opposite sides,— 
white from one parent, and miniature from the other. When we do 
this we find that the large classes in the second (back cross) 
generation will be red miniature and white long and that the small 
classes will now be red long and white miniature, The ratio of the 
large to the small classes will be exactly the same as im the first 
ease, In other words the interchange between the X chromosomes 
is the same regardless of what factors each contains. 

If one admits that the chromosomes are the bearers of the 
hereditary factors he is forced to admit that experiments like these 
prove that somchow interchange of factors in homologous chromo- 
somes MUSt OCCUr, 

If one thinks of the factors as lying in a linear series in the 
chromosome (and there is certain-evidence that I can not consider 
here that makes this view imperative) ther the chance of a crossing 
over taking place somewhere in the region between two pairs of 
factors would be greater the farther apart the factors lic. The 
percentage of times that crossing over takes place becomes then 3 
measure of the distance apart of the factors in question. If we 
make this assumption we find that we can give a consistent explana- 
tion of everything that we have found in the inheritance of linked 
factors in Drosophila. Not only this, but a far more important 
fact comes to light. Ii we determine, on the aforesaid hasis, the 
relation to each other of all the known factors in cach of the four 
groups, then, when a new factor appears, we need only determine 
iis group and its relation to two factors in that group. With this 
information we can predict its relation to all other members of that 
froup, In other words we can predict what the numerical relation 
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will be in the second genération. There is no other way as yet 
discovered by means of which this relation can be predicted. 


[i we compare our conception of the structure of the germ plasm 
with that of Weismann we find in all of his writings except the last 
one, that he supposed the chromosomes to be alike and that each 
consisted of a series of ids that contained the totality of the de- 
terminers that influence development. 

It is true that in his last writing he partially abandons his earlier 
idea of twhole ids for a-conception nearer to ours of partial ids—at 
least for some of the determiners. In this respect his view. more 
nearly approaches the one here maintained, But even then his view 
not being based on numerical data would leave us entirely helpless 
in explaining the phenomena of inheritance in any particular case. 
Without wishing in the least to detract from the value of Weis- 
man's brillant speculation, nevertheless the difference in the way 
im which the conclusions were reached in the two qises is one of 
fundamental significance in all scientific work, Chir view is based 
om accurate numerical data that enables us to predict what any given 
result in this field will be. It is this power to predict that gives 
signihcance (o a scientific theory. In this regard we believe that 
our interpretation is a long step in advance of the purely imaginative 
conception of the germ plasm that Weismann advanced. 

If now we bring our conception of the germ plasm to bear on 
the problem of development we have a véry different view point 
of that process from the one Weismann pictured. 

We think of every cell in the body containing one set of chromo- 
somes received from the mother plus one set from the father. The 
materials carried by these chromosomes influence development in 
their entirety. Although we are-able to localize certain materials 
m the chromosomes that when present cause the eves to he white, 
and others that cause the eves to be red, we do not mean that these 
materials in the chromosomes go directly only to the psrts that show 
their influence more markedly. We mean that given one kind of 
material andj the rest of the cell there is elaborated a white eye 
given a different material in the <rme Jocus 


it produces, jn ei 
junction with the rest of the cell. a red eye. 
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To say that the germinal material that makes a white eye is dit- 
ferent from the germinal material that makes a red eye is a plati- 
tude. But to be able to locate a particular material in the one case 
in relation te other materials is a very different matter, because by 
means of this information we are able to explain the results on a 
mechanistic basis, and are able to predict the results of untried 
combinations. Without this information the prediction would be 
impossible. 

We are led then to a third conception of predetermination, It 1s 
this! That while the hereditary material is made up of different 
discrete and separable particles (chemical substances) that have a 
definite position in the chromosomes, the effects of each of these 
particles must be supposed to be produced in combination with 
many, or even with all other parts of the cells in which they are 
contained. 

Cotumma Universrry, 

New Youre, 
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SPONTANEOUS GENERATION OF HEAT IN RECENTLY 
HARDENED STEEL. 


By CHARLES F. BRUSH. 
(Read April 22, rors.) 


Two or three years ago, when studying the behavior, under cer- 
tain conditions, of several specimens of hardened tool steel, 1 ob- 
seryed that they all spontancously generated a small quantity of 
heat, the amount of which diminished from day to day, but which 
was observable for several weeks. In each case the steel had been 
hardened only a few days prior to its use. It seemed highly prob- 
able that the generation of heat was associated] with some sort of 
“seasoning " ar incipient annealing process, perhaps accompanied 
by slight change of volume, and that it would be most rapid imme- 
diately after hardening, I resolved to investigate this curious phe- 
nomenon more fully, but failed to spare the time until a few months 
ago, This investigation forms: the subject of the present paper, 

Fig. 1 is a diagram of the apparatus employed. A, B represent 
two large silvered Dewar vacuum jars selected to have very nearly 
equal thermal insulating efficiency, They are supported in a wooden 
rack inside a thick copper cylinder C packed in granulated cork in 
a wooden box &. D is a paper extension of C, packed with layers 
of felt by removal of which and the loose copper cover of ( easy 
access is had to the Dewar jars, The copper cylmder weighs 52 
pounds and its functions are, by reason of its large thermal capacity 
and high conductivity, to protect the Dewar jars from any rapid 
change of temperature, and from temperature stratification, 

The box & is surrounded by a much larger wooden box F lagged 
with a half-inch layer of felt. A long resistance wire is strung 
back and forth in the air space between the boxes at the bottom and 
four sides of E. Electric current controlled by a thermostat warms 
the wire, whereby the temperature of the air space may be main- 
tained very nearly constant as many days or weeks as desired. A 

1i4 
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thermometer T, easily read to hundredths of a degree, indicates the 
temperature of the air space. 





Fm ff 


Returning now the core of the apparatus - J’ is an air-tight eylin- 
der of thin copper, six inches high and two and a half mehes in 
diameter, provided with an open half-inch axial tube also of copper. 
A small round opening at the top of A’ permits the introduction of 
a weighed quantity of water, after which the opening is tightly 
‘corked to prevent any change of temperature by evaporation of the 
water. &' is another copper cylinder just like 4’ except that it has 
a removable top to permit the introdtiction of the substance whose 
thermal behavior is to be investigated, The high thermal con- 
ductivity of these copper cylinders prevents temperature stratifica- 
tion within them. ‘The Dewar jars are filled above the copper cylin- 
ders with layers of felt, and granulated cork, and covered with 
waxed cardboard carefully sealed on to prevent temperature dif- 
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ference inside the jars which would follow unequal loss or gain of 
moisture by the felt-and granulated cork, A small thin glass tube, 
flanged at top and closed at bottom, is located in the axis of each 
Dewar jar and extends from the waxed cover nearly to the bottom 
of the inclosed copper cylinder. The ¢lass tubes contain the ends 
of thermo-electric couples of ine constantan, copper and tron wires, 
one iren-constantan and one copper-constantan junction at the 
bottom of each tube. The leading-out wires are copper, and connect 
the thermoe-couples with a reflecting galvanometer having the cus- 
lomary reading telescope and scale. Careful callibration has shown 
that 55 scale divisions of the galvanometer indicate one degree C, 
temperature-difference between A’ and B’, and that temperature- 
difference anid galvanometer deflection are very closely proportional 
throughout the range used. 

In the following experiment f' and FB’ were removed from the 
Dewar jars ard allowed to attain equal room temperature, Twelve 
half-inch reurl bars of tool steel, five inches Jong and with machined 
surtaces, were hardened by heating to high “cherry-red" in a re- 
ducing atmosphere of a gas furnace and quenching in cold water. 
The bars then had a thin and strongly adhering coatng of black 
oxide. They were next stirred in a large quantity of water at room 
tempernture, 0 acquire that temperature, wiped dry, and oiled with 
heavy, neutral mineral oil to prevent generation of heat by further 
stiriace oxidation, wiped free of excess of of and place: in the 
copper cylinder 8", A weighed quantity of water. alko at room 
temperature, just sufficient to equal the steel bars in thermal capacity 
had already been placed in 4’. The whole apparatus was then as- 
sembled as quickly as possible, and galvanometer readings. comi- 
menced within forty-five minutes of the time of hardening the 
stecl. 

The upper curve in Fig, 2 shows the progress of heat penera- 
lion in the steel bars during the first 150 hours after hardening, 
“A very slow generation of heat was still easily observable at the 
end of a month. 

It is seen that the temperature of the steel bars WS rising rap 
idly when the galvanometer readings commenced, and reached a 
point (nearly 3° C atthe surnmit of the curve) where gain and loss 
of heat balanced exch other in about 8 hours. 
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The “Normal Cooling” curve was obtained five or six weeks 
after the other, and when the generation of heat had very nearly 








aa 





ceased. For this purpose the steel bars were removed, warmed a 
few degrees, and replaced; then galvanometer readings were made 
from time to time as before. This curve is plotted in a location 
convenient for visual comparison with the heating curve, but other- 
wise might just as well be plotted further to the right. 

From the two observed curves I have computed a turd curve 
(not shown) which represents the progressive rise in temperature 
which would have occurred if the thermal insulation of the steel had 
been perfect, so as: to prevent any loss of heat. The curve ts 
strikingly similar in character to the shrinkage curve shown in Fig- 
5, and indicates a close association of heat generation and shrinking, 
to which | shall refer again. The total rise in temperatute imdi- 
cated (about five degrees C.) ia of little quantitative importance 
because it is highly probable that it would have been different if the 
steel had been hardened at » different temperature, or more uti- 
formly hardened throughout each bar, or had a different carbon con- 
tent. Yet it is interesting to note that the observed quantity of 
heat spontaneously generated in the steel, measure: by its tise in 
temperature multiplied by its thermal capacity, indicates: mternal 


158 BRUSH—SPONTANEOUS GENERATION OF HEAT [pri aa, 


work of some sort sufficient to lift the steel bodily about Boo feet 
high against the force of gravity. 

i next prepared-a batch of “high-speed '" tungsten steel consist- 
ing of the same number of bars of the same dimensions as in the 
first experiment. The bars were water-hardened at white heat, 
not far below the fusing point, brought to room temperature, oiled 
and introduced just as in the former case, and galvanometer read- 
ings were commenced an hour after hardening- 





Fig. 3 shows the curve of heat generation in the “ high-speed” 
steel, and the curve of normal cooling located with respect thereto 
as in Pig. 2. The cooling curve here shown is the lower part of 
that used in Pig, 2, It is permissible to use the same cooling curve 
for both kinds of steel because the thermal capacity of the two lots 
was very nearly the same. 

It is seen that heat generation in the tungsten steel was the same 
in character as in the carbon steel of Fig, 2, though much fess in 
amount and somewhat more persistent. 

Many workers: in steel are aware that the metal expands a littl 
when hardened, and shrinks when annealed: hut 1 have not met 
with any quantitative data on the subject. With the hope af throw- 
ing some light on the spontancous generation of heat aiready de- 


scribed, 1 investigated this phenomenon of swelling and shrinking 
as follows: 
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Having no more of the carbon steel used in the first experiment, 
I procured another half-inch round bar of the same brand, though 
slightly different in composition as the analyses show. With a piece 
of this bar two and a half inches long 1 made a careful determina- 
tion of its specific gravity under the conditions, and with the results, 
shown in the following table. 


Taste. f. 
Commercial Condinon 7407 IS OES 
After Hardening 7Bizy O02! 
After Tempering to Light Blue 7.8330 Silicon ut 
After Annealing 74529 Manganese 96.33 


Carbon Loy 


The difference in density and volume between the hardened and 
annealed conditions is fully a half per cent., which is much more 
than J expected to find; and nearly half of the total shrinkage was 
brought about by the very moderate heating necessary for “ temper- 
ing to light blue.” The annealing was very thorough, and, as the 
figures show, was more complete than im the annealed “ commercial 
consdition,” 

The shrinkage incident to tempering was large enought to en- 
courage the hope that if any spontaneous shrinking, at room tem- 
perattire, occurs during the generation of heat which follows harden- 
ing, it might be detected and measured. For this purpose the ap- 
paratus shown m Fig; 4 was designed amd constructed. 

In Fig. 4 G and H are two vertical steel rods three feet long 
and one millimeter in diameter. They are hung from a common 
rigid metal support /, and at their lower ends carry parallel brass 
bars G’, HW’ which move with perfect freedom, yet in close contact, 
between guides K, A. The brass bars are accurately machined, 
and their front edges are polished. The rod G, whose function 1s 
purely comparative, is kept under moderate and constant tension by 
the long spiral spring L; while the rod HM carries a four pound 
weight Af, An enlarged sectional diagram at the right shows the 
method employed in mounting each steel rod, Each end of the rod 
passes through, and is soldered into, a brass head haying a hemi- 
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Sphencal end which accurately seats itself in a hollow metal cone. 
The rods are quickly removable through vertical slots in the cones. 

After some preliminary experiments, to get acquainted with the 
apparatus, a fresh rod H was hardened by placing it horizontally in 
a wooden rack just above a trough of water at room temperature, 
quickly heating it to bright redness by passing suitable electric 





Fre,.4. 


current through it and plunging it in the water beneath, the act of 
lowering the rod serving to break the electric circuit, The rod 
was kept straight while hot by means of a weak spiral spring which 
took up the expansion. Preliminary experiments had shown that a 
rod could be harilenec in this way without warping, 
The hardened rod, already at room temperature, 


| i was quickly 
wiped dry and put in place beside G. Then, without 


delay, a fine 
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horizontal scratch was drawn across the polished fronts of the 
bars G'. Al’ by means of a straight-edge and sharp needle point 
lightly applied. A nucroscope, magnifying about soo diameters 
ind very salidly mounted, was brought into position and focused 
on the horizontal scratch, which of course consisted of an imde- 
pendent scratch on each bar, the two halves being initially in perfect 
register. The microscope was provided with a filar micrometer 
eyepiece carefully calibrated and adapted to measure accurately 
any departure from rogister of the two half lines or scratches, 

Shrinkage of the hardened rod HY was detected within two 
minutes after scratching the brass bars, and was easily observable at 
the end of two weeks. 


= 





Linear Shrinkage m Million 





Fig. 5 shows the progress of shrinking during the first 150 
hours, The curve reached the 500 line a day or two Iater, The 
hardened length of the rod was assume! to be 35 inches, so that its 
actual shrinkage at the 500 line of the curve was 0.0175 inch. 

The rod was next scoured clean and tempered to light straw 
color by electric warming, then to light blue color, and its total 
shrinkage measured after each operation. Finally, it was thor- 
oughly annealed by bedding in mineral wool, heating to very low 
redness half an hour, and then gradually reducing the heating cur- 
rent to nothing in the course of two or three hours, after which 
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the shrinkage was again measured. The rod shrank very consid- 
erably in each operation, as indicated quantitatively in Table 2, in 
which the annealed length is taken as unity or 160 per cent, 


TAtLe 2 
Length of rod after hardening ..-........-.6s.00. TORSSS 
After spontaneaus shrinking —....-...02creeece-25 LOGSS2 
Adter tempering to light straw .....-...ccse...ees Lon. 1s 
Aiter tempering to light blue .......0.c.csescce.. IDOI 
After annealing © <jsicicciicassaticcsaaieeeaecccc.. POODOO 


Of course the shrinkage in volume must have been very nearly 
three times the linear shrinkage, or considerably more than one per 
cent. from the hardened to the annealed condition, which is more 
than double that observed in the: bar steel used in the first experi- 
ment. Doubtless this was due to the higher carbon content of the 
small rod, and more uniform hardening owing to its small size. It 
is highly probable alsa that more heat was generated per unit of 
TASS. 


Linear Shrinkage « 100 





Spontaneous 
——a——e After Tempermg to Light Straw 
= Alter Tempering to Light Blue 
=—— After Annealing 
Fic. 6. 


In Fig. G I have visualized the stages of shrinking of the small 
tol by magnifying a hundred-fold the observed quantities in 
Table 2. 

I have already pointed out the close similarity in character of 
the spontanecous-shrinkage curve (Fig. 5) and the computed curve 
of total heat generation; and there seems little room for doubt that 
the two phenometa are quantitatively related, But it is equally 
clear that sporitancous shrinking is only incident to, and is not the 
prime cause of the generation of heat, because the internal work 
represented by the heat generated is hundreds af times more than 
neeessary to bring about the accompanying change in volume. This 
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is found as follows: The small steel rod spontaneously shrank 
oor7s inch, To spring it back to its origmal length required a 
weight of 15 pounds hung below M, Fig. 4 (==12.400 pound: strain 
per square inch of cross-section). Hence, in longitudinally shrink- 
ing a.0173 inch, the rod had done work equal to liftmg 15 pounds 
half this distance or 0.00875 inch. The rod weighed about r3o 
times less than the weight, so that the work done was sufficient 
to lift the rod itself 1230 % .oo875— 10.76 inches. But this rep- 
resents one-dimensional shrinking only, and we must take three 
times this amount of lift, or, say 224 feet, to represent the work 
done in the three-dimensional shrinking which certainly occurred. 
We have already seen that the internal work spontaneously done 
in the steel bars of the first experiment, in generating the observed 
amount of heat, was sufficient to lift the bars about S00 feet, which 
is 300 times greater than the work done in spontaneously shrinking 
the small rod, If spontaneous shrinkage was less in the large bars 
than in the small rod, which is highly probable, then this ratro was 
n¢cordingly greater than three hundred to one. The disparity im 
weight between the twelve large bars and the ane small rod does 
not count, because the work done in each case is-computed for the 
weight of steel which did it. 

li has been suggested that loss of the generated heat may per- 
haps he regarded as a cooling process without change of tempera- 
ture (which implies reduction in specific heat}, and that this may 
be sufficient to account for the spontaneous shrinkage, But this 
hypothesis accounts for only a modest fraction of the shrinkage ; 
while the implied change in specific heat is much too large to be ad- 
missible. 

An attempt was made to measure Young’s modtilus of elasticity 
in the small rod both in the hardened condition (after spontaneous 
shrinking) and after annealing, by hanging various weights. below 
M, Fig. 4, and measuring with the microscope the distortions pro- 
duced—always far within the elastic limit. But I was unable to 
obtain reliable results because of an interesting fact which was 
hrought to light, a5 follows: In the annealed condition the steel ex- 
hibited a small amount of viscosity or internal friction which some- 
what delayed full distortion and subsequent restitution ; but in the 
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hardened condition the viscosity was many times greater, This is 
a further illustration of the instability of the hardened steel, 

In conclusion, [am led to regard the hardened steel as being in 
a condition of very great molecular strain somewhat tinstable, espe- 
cially at first. Spontaneows relief of a small portion of the strain 
cases generation of heat until stability at room temperature is 
reached. Any considerable rise of temperature, as in tempering, 
permits further spontaneous relief of strain, or molecular rear- 
rangement, doubtless accompanied by more generation of heat, and 
so. on until annealing temperature is reached, [1 is obviows that 
the process of tempering or annealing steel is an exothermic one, 
‘and conversely that hardening is an endothermic process. 
CLEVELANT, 

Agril, 19s. 


RELATIONSHIPS OF THE WHITE OAKS OF EASTERN 
NORTH AMERICA, 


Wir as Intnopuctory Skercn or toe PoyLocexetic Histoay_ 


Hy MARGARET VY. COBB. 
(Puares TV-V1j) 
(Avad April 23, rors.) 
lL. History of tur Facacee: A Reconstruction. 


Pranil's Classification of the Fagacer. 


Chuercus, 
Castanem4 Pasania. 
Tas Fagus. 
Haste Nothn tagnr: 


The five or six genera of the family Fagacex: to which the oaks 
belong were well differentiated at least as far back as the Cretaceous 
age. The beeches are sharply separated from the remainder of the 
family (the pasinias, chestnuts and oaks), and are undoubtedly the 
more primitive of the two groups. Nolhofagus, the genus of primi- 
tive heeches, is a.characteristically sul-Antaretic genus, still surviv- 
ing in Tasmania, New Zealand, and the southern part of South 
America (a South Pacific distribution), Fagus itself, once more 
whlely spread, is naw found only in Japan, North America and 
Enrope. 

The pasanias, chestnuts and oaks are af present in possession of 
the temperate and tropical regions of Asia, North America, Europe 
and Mediterranean Africa, Species are most numerous in south- 
east “Asia and in Mexico (regions separated by the Pacihc), Pasa- 
nid is limited to southeaay Asia, except far one species in Californis 

' This paper owes a great deal to the extensive knowledge and the never- 
failing interest and aid of Dr. William Trelease, under whom the work was 
done at the University of Dlinois itv the year forg-t4. 
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ard one in New Zealand (ranges separated by the Pacific), Cas- 
tonopsis (the less specialized chestnuts) is limited to southeast Asia, 
except for two Californian species (ranges separated by the Pacific). 
Castanea is present in southeast Asia, North America and Europe. 
Ouwercus has most numerous species in southeast Asia and (espe- 
cially) Mexico and Central America (regions separated, again, by 
the Pacific), while the subgenus Cyclobalanopsis js limited to south- 
east Asia (monsoon province), In consideration of the facts that 
the most primitive gens still lingers on the two sides of the south- 
ern Pacific, and that so many other groups are found only in regions 
bordering on the northern Pacific, it is more than plausible that the 
family Fagacea originated in the Antarctic-Pacific region, and 
moved northward towards its presetit northern-hemisphere distribu- 
tiom in the region of the Pacific Ocean. This of course involves 
the hypothesis of an ancient Cretaceous or pre-Cretaceous Pacific 
continent—ior which there is much other distributional evidence 
and which Scharff, among others, holds to be highly probable. The 
broad similarity of the ranges of Pasania, Castanopas and Cyelo- 
balanopsis was undoubtedly determined at this early time. ‘The 
problem of the extension of certain species of Fagus and Castanea 
to Europe seems entirely separate, and probably belongs to a more 
recent period. Quercus is involved with both the older and the 
more modern distribution; they have been mapped aut here for con- 
venient reference m the coming discussion of Quercus. 


If, History or Quercus, Hyrornetrtcacry Recosstravectren, 


Oaks, living or fossil, have been reported from every continent. 
Living species, however, are unknown in the southern hemisphere, 
except that they are found south of the equator in the East Indies, 
and among the mountains of Ecuador (localities separated by the 
Pacific). Species, as: was said, are most numerous in Mexico and 
Central America and in southeast Asia; the subgroup C yelobalanop- 
sis is limited to southeast Asin. Remembering that Pasania and 
Castanopsis are almost limited to the same region, aril that the 
pasania-chestnut-oak proup of the Fagacea shows here a concen- 
tration, ancl a profusion of species, seen nowhere else in the world, 

* Scharff, " Distribution and Origin of Life in North America.” 
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it is natural to swppose that this part of Asia (or more probably, 
to allow for the outlying species in California, and the oaks in 
Mexico, a region cast from southeast Asia) has been the center of 
distribution, and hence the point of origin of the pasania-chestnut- 
oak group. And Quercus itself, with its black oaks limited to 
America, its Cyclobalanopsiz timited to southeast Asia, and its mi- 
merous white oak species in both places, undoubtedly differentiated 
from the pasanias (or their ancestors) in one or other of these re- 
gions, or more probably between the two, At any rate, the primi- 
tive, little-differentiated Owercus must have had a distribution that 
included both regions, as well as the space between them. We are 
thus brought again to an hypothetical Pacific continent; for since 
riecither black oak nor Cyclobalanopsis exists or gives evidence of 
having existed in western Asia or Europe, any cretaceous or earlier 
comection of the two regions in that direction is well-migh incon- 
ceivable. (It is tmnecessary to suppose that this Pacific land ex- 
tended much farther north than the equator). 

According to our hypothesis, the disappearance of this Pacific 
land isolated the two extremes of the range of Quercus, The gents 
had already become differentiated ; the Asiatic part of the range Te- 
ceived the stock of Cyclobalanopsis (found nowhere else) as well 
as the more typical Quercus stock. Certain species of Quercus, 
even today, form a part of the oldest Asiatic flora, which holds its 
own in isolated regions—in parts of the Himalayas, for mstance. 
Some of these ancient endemic species are the white oaks Q. anata, 
semecarpifolia, and dilatata, of which the last is said hy Schottky 
to stand nearest of all oaks to the Cyclobalanopsis group. (Amert- 
can black oaks, however, show certain features in common with 
Cyclobalanopsis—apical ovules, type of style). 

The American end of the range received a group of oaks of 
which (according to evidence from distribution and palacontology ) 
Quercus chrysolepis is probably our nearest representative ; these 
may have been the basis of both the black and the white oaks of 
America. It is suggestive to find that QO. semecorpifolia (represen- 
tative of the ancient oaks of Asia) bears some resemblance to this 
carly American oak, Some of the European oaks are also of this 
ancient type; but since one, Q. flex, occurs in both Asia and Europe, 
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the inference is that they all reached Europe westward from Asia. 
Though the older fossil evidences in this continent have all heen re- 
ferred to O, chrysolepis (these date back to the Cretaceous), it 
stems not improbable that types such as Q. enory: and QO. kypo- 
lenca were soon present, and that differentiation early took the 
lines towards our American black oaks and white oaks. Since in 
Cyelobalanopsis, and in the pasanias, the abortive ovules:are carried 
upward in growth till in the mature acorn they are typically apical, 
this may be considered the primitive condition jn Owercus. Chryso- 
lepis, which has them only lateral, is om the way towards’ having 
therm in the basal, white-oak, position. The hiack onkes, on the con- 
trary, have preserved the primitive character in this as in other puur- 
ticnlars. 

(Since the black oaks resemble C yelobalanopsis:in some ways, 
i may be that they differentiated from Cyclobalanapsis, in’ the 
Pacific region, before reaching America. Or all three may have 
diverged together from the printtive Querens. Distribution ry 
have been such that Cyelobalanapsis went to Asia, Eryvthrobalanus 
to “America, Lepidobalanus to both.) 

Having thus some conception of a possible Cretaceous history 
for American oaks, black and white; and of their relationship. te 
the ancient types of Old World baks, we may now limit ourselves 
to the white oak group in North America (Leucobalanus), For 
the black oaks, being liniited to the western hemisphere and becom- 
ing only more sharply differentiated, can five us no further light on 
white oak relationships: To begin with, we may mark off Lenep- 
balanus as follows: 

QOveacys, 


Cyelohalanipais: Abortive ovules apical, styles abort, eubeapitate, often -re- 
curved, cup scales grown inte » Bodin rithe frat ripening it ome year, 
leaves evergreen, tertiary nerves very fine. | 

Erythrobalauus: Abortive ovules apical, styles elongated, cubeapitate, after 
tecurved, aoorn tomentose within. cup scales thin, appressed, fruit rip- 
ening im two years, leaves deciduous or evergrert, lobew when present 
with bristle pointe | 

Styles slender of very aliort anu fattened, not cephalated 
iventcrenare, . 

Cerris; Abortive ovntes hasal, styles long, tapering, tip ecales often long, 
bractlike, Irnit ripening in tewo years, Itaves more of lesa dentate 


itapex, fepi 
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Lencobulanus: Abortive avitles baal. ayles very short, spatulare. acorn Tot 
tomentose within, cup scales often thickened a! hase, frit Tipening t 
one year, leaves deciduous ar evergreen, lobes when present rounded, 


The most stable characters in this classification seem to be the 
position of the abortive ovules, the lining of the acorn shell and the 
form of the style. Appression of scales, time for ripening fruit, 
and time of Keeping leaves are all more or less variable among the 
white oaks. | 

The earliest home of Letucobalanus on this continent, using the 
term to include the white oaks as they separated themselves from 
the black oaks in America, seems to have been northern. Mexico 
and the southwestern states. The older type (A. below). <till pre- 
dominates in this region, which has probably long been stuble, with 
aclimate similar to the present, It is a region which seems to have 
been for many species a center of distribution to other parts af the 
contment, Since the Cretaceous, much differentiation has taken 
place, the main lines of which may be represented by the following 
division of North American white oaks : 


fl, Leaves persistent, neually evergreen, entire, sinuate or dentate, or, if 
Weeper lobed, with prargesnt tips. 
tL Muny species, southwestern US and Mexico, 
_& Pirginiana and varieties—an early offshoot. 
#, Leaves deciduous, tobed or divided, or serrate; Jobea rounded. obtuse ‘or 
acnte Liat et pipet. 


The evergreen series, represented, say, by QO. undulata, is the 
more direct continuation of the Cretaceous type, the decidious the 
more nilern form. 

[tis barely possible that not all of this differentiation took place 
on thie continent. Levcobalanus reached Europe at some time; 
ant the possibility that this took place early (by meats of Scharff's 
Mediterranean land bridge), and that the deciduous oaks originated 
there, rather than on this continent, must be taken jnte account. 
species of this type occur also in Asia, but there seems to be little 
doubt that they are sharply separated from the ancient Asiatic 
species like semecarpifotia, and reached Asia in the Tertiary from 
the eastward. The fact that the range of these species, in the Ter- 
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tiary, was, at the boreal end, continuous from Asia across America 
to Europe, gives the possibility of the center of distribution being 
etther 1 Europe or in America. My data on European oaks are 
insufficient to decide this point; it seems, however, highly prob- 
able that the white oaks with thin, deciduous, lobed leaves:originated 
in or near northern Mexico. 

The early members of the group Lencobulanus, then, marked by 
entire, evergreen leaves, gave rise, probably in North America, to 
a form with thin, deciduous, lobed leaves. This type is now domi- 
nant over the greater part of the United States; while the older form 
holds its own in the southwest and in Mexico, where the climate has 
probably known no great. fluctuations since the Cretaceous, and 
where it still finds suitable dry and arid habitats, This evergreen 
type occupies the Mexican highlands, Arizona and New Mexico, 
extending east into Arkansas, and west into California. Owercus 
virginiana seems also to have been a very early offshoot: with its 
varieties it forms a well-marked coastal group, ranging from North 
Carolina south along the shores of the Gulf into Mexico (where 
it stretches inland up the mountain sides), and appearing alsa on 
the California coast. 


IT], Decrovous Wurre Oaxs or Nouri America. 

The oaks with which we are familiar in this part of the country 
are. of the lobed-leaf type. Geographically, at least, there are three 
parts to this.group—the eastern, the Rocky Mountain, and the Cali- 
forman lobed-leaf oaks. It is not clear, however, whether or not 
these geograplical groups can be separated taxonomically, They 
may be parallel groups, eut off from one another comparatively 
recently; or, possibly, the Californian Kroup may he more closely re- 
lated to the deciduous oaks of Europe (type Q, robur) than it ie to 
the oaks of the Rocky Mountains and the east, “The habit, leaf 
form and texture, and bud form of the Californian oaks have sig- 
restive resemblances to those of the Enplish oak; and it is perhaps 
not venturing too much to speculate as ta whether these onks, like 
certain other forms on our Pacific slope, may tot have their closest 
relatives, mot in America at all, but in Europe, 


| : There is hesides at 
least one oak in California, O. sadleriana, which 


appears to find its 
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tearest relatives in the modern Asiatic oaks, which were mentioned 
as having probably reached Asia in Tertiary times from the east- 
ward, The gambelii group in the Rockies and the Atlantic group 
are apparently the separated liranches of the litest developed white 
oaks. (and the Californian oaks are perhaps a third corresponding 
group), which before glaciation may have succeeded m coverme the 
greater part of the continent, Glaciation left survivors of this 
forest, it would seem, in two parts of the land—mountainous re- 
gions which projected above the ice—the southern Rockies; anid the 
southern Alleghanies. From the one Q, gainbelit has spread north- 
ward, keeping rather closely to the mountams and differentiating 
numerous but situilar species; while from the other the early spectes 
(possibly lyratifermis and minor) have recovered an enormous 
Stretch of territory, and have produced a correspondingly large 
number of varied species. 


IV. Wauttt Oaks or Easteun Nort AMERICA. 


The white ouks found east of the Rocky Mountains comprise 
the following species (see key): 





1. breviloba 2. lyrata 
durandu bicolor 
niacracar pd 
3: chapmani 4. michawatt 
minor primis 
margaretia muhlenbergu group. 
alba 


These species are all of the deciduous, thin-leaved type of Len- 
cobalonus, except that durondié anid breviloba, in ranging from Aln- 
harna west and south into northern Mexico, show a series of transi- 
trans towards the smaller, more entire, evergreen type of leaf. It 
might be that a careful sturly of these forms would show them to 
be transitional in other features also, Their range seems to indi- 
cate an ancient center of distributian in the southwest ; this again is 
in sharp contrast to all the other species, which may be referred to a 
more recent center in the southeast, In short, there seem to be 
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several reasons for marking off rather sharply durandii and breve- 
lobe trom the remainder of the species present im this area, and 
for suggesting the possibility that they may bea relic Tron the time 
of the differentiation of this deciduous section of Lencobalanus. 

The remainder of the group has a very wide range. It touches 
the Rockies in Canada, and reaches. Texas, Florida, and Maine. 
Nevertheless, itis almost true to say that every one of the species 
includes in jis range the region of the southern Alleghames. This: 
region certainly seems to have been a center of distribution after 
the retreat of the ice fields, for this.as well as for certain other 
groups of plants and animals (Cambarws, and the Unionidae, for in- 
stance). ‘The present distribution must have been largely achieved 
by the Pleistocene, for late Pleistocene fossils indicate a Tange 
broadly stmilar to that of the present. 

The species, aside from (1) durandii and breviloba, fall into 
three main groups—(2) mucrocerpa group, (3) miner group, (4). 
prinus group. ‘Their relation to one another js not entirely clear. 
The inecrocarpa group in some ways holds a central position, which 
suppests that it may be the oldest. So do the persistent stipules of 
all members.of the group; this is without. any doubt a primitive 
character. Its species moreover have the widest range, macrocarpa 
extending in the north to Saskatchewan and Maine, and in a great 
smithward curve with its lowest point well down the Mississippi 
Valley ; south of this tis replaced by /yrata, Again, Tertiary leaf- 
prints which have been referred to deciduous Quercas are limited 
thus far to types resembling [yrafa and minor (Cockerell’s species 
Iyratiformis from the Florissant beds is now reported from the 
John Day Basin, Oregon, where Knowlton also recognizes leaves of 
the type Of minor.) There are so many suggestions of this sort 
that ai present we musi asstimve the macrocerpa group to be nearest 
to the ancestral type; and, though the fruit ts:aberrant, [yrata may 
‘woll stand near the base of the group. 

‘The minor group, or at leact minor itself, has some affinities with 
bicolor and macrocarpa. Its wide range and the Tertiary occurrence 
of this or a similar species show that it has valid chins to antiquity. 
Whether elbo belongs in this group is auecertain; it is difficult to 
ste reasons for connecting it closely with any other species. Afar- 
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garetio, regarded by some as a good species, but which has often 
been regarded as an alfa-minor hybrid, suggests such a relationship, 
but this-1s more or less doubtful, 

The clearest and most highly differentiated group is that of the 
chestnut oaks. It may be connected with the more typical forms 
through forme such as bicolor (shape of leaf) and fyrata ( bud-scales). 
That the serrate leaf is secondarily derived, through a lobed form, 
and not a persistence of the serration foutid in oliler portions of 
the penus is perhaps not proven; the tendency to lobation rather 
than serration on young shoots, as well as the general relation of 
the chestnut oaks to the other oaks of this region make ut, however, 
highly probable. 


Or ieirn Geta 


MARGARETTA PANES 
Sr) | 
| mo MA 


MECAOCARPA  gicocon 


LY Aaa. 


The above diagram may make more concrete these suggestions 
concerning relationships. 





Key to Decmvovs Wurre Oaks of Easteex Nowra A 
Leaves deciduous, lobed or dentate, mut spiaulose, 
TI, Leaves lobed 
4. Stipules persistent; buds more or fess acute. | 
1. Twigs slender, smooths, Lyrata,_ 
2 Twigs stout, pubescent. 
a. Fruit sessile, larger : enp usually deeper and fringed. 


Macrocarpa, 
&, Frait pedunculate, emailer; enp more shallow, seldom ped 


Bicolor. 
B. Stipules deciduous; buds rounded. 
1. Twigs emooth, Atha. 
= Twigs pubescent. vy 
a. Leaves deeply five-lobed, pubescent below, Minor, 
h, Leaves. undulate, glabrous below Chapmani, 
OL Leaves dentate. | 
ot. Buds less clongate, leaves narrower, widest near satddle: AMudlenbergii. 
8. Buds more elongate, leaves broader, widest above middle. 
t. Cup scales free at tips only; upper scales very small, Primet. 
2 Cup scales free: upper scales often Seren Eolas cop 











Pate IV. Buds of the rounded type, without stipules, 34. 
Fiat, Q. alba (Urbana, Illinois). 
Fin, 2 0. ‘minor (collected by H, H. Bartlets, Maryland), 


« Pate V. Binds of the more acute type, «tipules persistent. x 
Fic t. Q. marrocarpa (Urbane, filinois), 
Fin 2 Q. bieolar (Urbana, Minos). 


Puate VI. Buds of the elongated, chestnut oak type > 4 
Fig. 1, (..prieus (collected by Hi AL Bartlett: Maryland), 
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A NEW FORM OF NEPHELOMETER. 
By. J. T. W. MARSHALL axp H.W. BANKS, a 
(Read April 27, 1914) 


The nephelometer (Gr. se60y, 2 cloud), an instrument for the 
quintitative determination of small amounts of material in sue 
pension, has attracted considerable sttention of Jate, although the 
principles involved are by no means new. Since the time of Gray- 
Lussac attempts have been made to estimate small quantities of 
material by the turbidity or opalescence of their suspensions, This 
was generally done by comparing the suspension with a graded 
Series Of KNOWN suspensions prepared in the sane way, aml] the 
comparison: was made by looking through a column of the hicquaiel 
and noting the turbidity, or by observing the opalescence, that 15, 
the light reflected from the minute particles when the lnquid is 
illuminated by a powerful beamof light. It is evident that matter 
in smaller quantities or in a finer ctate of subdivision may be recog- 
nized more easily by the opalescence than by the turbidity of its 
suspension. That even excessively minute particles possees the 
ability to diffract light has Leen shown by the ultramicroscope, 
while by the Faraday-Tyndall convergent beam of light, the optical 
in-homogeneity of solutions of crystalloids lias been detected. 

T. 'W. Richards in the course of atomic weight determinations 
in) t8o4* devised a simple instrument to enable the opalescence of 
Very thiute suspensions of silver bromide to he more reaiily ob- 
served, and in a measure, quantitatively determined. Ten years 
later, Richards and Welle improved the instrment optically and 
suggested its applicability ta suspensions of substances other than 
the silver halides. Their actual determinations, 
have: been arrived at by @ process of approximation; that is, the 
unknown was compared in the instrument to a suspension of 
known concentration, and from these readings a first approxima- 
tion of its strength was calculated, A new standard of more 
nearly the same concentration as the 

Proc. Am. Acad, XXX, ah, 1 Bou, 

* Richards and Wells, Aim. Chem, Jour, ¥¥X1. rir, 
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and cotmparison again. made. ‘This process was repeated until a 
standard was obtained which when precipitated under the same con- 
ditions and compared in the instrument with the unknown gave the 
came amount of opalescence. The postulate involved, that the 
satne quantities of material precipitated under identical conditions 
give equal opaleseences, is undoubtedly correct, but the metheml fs: 
somewhat tedious in application, although good accuracy wes ob- 
tained in about three approximations. 

Wells in 19067 publislied the results of numerous experiments 
‘i which silver chloride waz precipitated under different condi- 
tions, showing the infiuence of electrolytes both on the maxi 
apalescence developed and on the time required for this maximum 
to be reached. He came to the natural conclusion that the amount 
of light reflected varies not only with the quantity of material im 
sispension but also with its state of subdivision, In this investiga- 
tion he used the Richards instrument of 1904 except that for the 
usual standard suspension he substituted fixed stindards af ground 
glass as reflecting surfaces. 

P. A. Kober in 1913 took up the problem of determining. qaan- 
titatively by the use of the nephelometric method, protems and 
Other substances oceurring in biochemical investigations for which 
the ordinary gravimetric methods are either very tedious or in- 
adequate. He used an instrument on the principle of the Richards 
nephelometer but adapted to the framework an! optical parts of 
the Duboseq colorimeter. In comparing the opalescences of sus- 
pensions differing considerably in concentration, he observed that 
the readings were not quite inversely proportional to the concen- 
tration of matter in suspension, and from a large number of ex- 
periments with suspetsions of different substances he developed an 
empirical formula expressing the relation between scale readings 
‘and concentration. This forntula holds very well for ratios up te 
t:3, He hns successfully applied lis instrament and method to the 
determination of a number of organic substances ‘such as casein 
in milk, urie acid, and other purines. The nephelometer in various 
morlifications has been wied by W. R. Bloor to determine the fat 


a Wells, din. Chem, Jour, XXXV. og, 1906. 
(PA. Kober, Jimr. Biol. Chem: XU, 485. 1913 
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in blood, by MeKim Marriot for acetone, and by 5. 5. Grayea in 
ammonia determinations. 

A number of instruments and methods have been devised for 
determining the amount of substance in suspension by the turbidity 
of its solittion and these find considerable tise in industrial chem- 
istry. While the theory underlying this method is undoubtedly 
simpler than the nephelometric theory, it may easily be seen from 
the following considerations that the turbidimeter cannot equal the 
fephelometer in delicacy ar sensitivity. Let us suppose that a 
standard as used in the turbidimeter absorbs about ro per cent, of 
the light, then an unknown of twice the concentration will absorb 
about twice that quantity. Nowever, it is-not the amount of light 
absorbed, but the amount transnutted that ia observed in this instru- 
ment; consequently the quantities measured would be in the ratio 
of about 9:8, The reflected lights measured in the nephelometer 
on the other hand would be nearly in the ratio of 1:2: Clowile 
which may be measured with considerable accuracy in the mephel- 
cineter show very slight absorption when observed by transmitted 
light in the turbidimeter, 

Qur reason tor devising a new nephelometer may be made more 
apparent by a brief review of some of the considerations involved 
in the use of such instruments. The following are the chief fac- 
tors involved in the amount of light reflected by an opalescent 
solution, First, the amount of substance in suspension, Second, 
ite physical state, 4. ¢. the tumber and size of the particles, and 
their albedo which depends upon their own refractive index anv! 
that of the medium m which they are suspended, ‘The amount of 
ght observed is again modified by the fact that the light from any 
particle is reduced by an amount dependent upon the absorbing 
power oi that part of the liquid above ihe particle. Thus we re 
ceive less light from the hottom layers of the suspension than from 
those nearer the top. This complex relation between reflection 
and absorption demands less consideration when the lengths of the 
illuminated columns are kept equal than whet they are varied. As 
far as we are aware, in the nephelometers hitherto described the 
light from the two tubes has been equalized by changing the lengths . 
of the illuminated columns of suspension. Although in purely 
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empirical work ‘the elimmation of this factor 1s: not of very greal 
importance, the theoretical consideration of the problem is greatly 
simplified thereby. 

As Wells states, the opalescence of:a liquid containing a definite 
amount of substance in suspension will, owing to the greater total 
reflecting surface, increase with the cantinned stibdivision of the 
particles until these reach a limiting size. Rayleigh has pointed out 
this fact in a mathematical dissertation on the blue coior of the sky, 
stating that as the particles approach the size of a wave length 
of light their reflecting power decreases. He shows that for very 
ninute particles the amount of light reflected should vary as the 
sixth power of their radins. The maximum opalescetice of the 
solutions = used in a nephelometer seems, however, to be devel- 
oped when the particles are much smaller than a wave length of 
light—in fact of ultramicroscopic size. 

The amount of reflected light lost through absorption is.aiso a 
function of the number and ¢ize of the particles. 

It is evident that as the refractive index of the medium ap- 
proaches that of the particles, the amount of light reflected will 
decrease until, when the two refractive mdices hecome equal, there 
will be no- reflection. This phenomenon may be dhserved if pow- 
dereil glass be suspended in:a mixture of carbon disulphide and 
benzal, 

With a view to determining some of the underlying faws of 
opalescent solutions, we undertook to design a nephelometer better 
adapted both to theoretical'and to. practical work than those m use 
at present. By nsing equal columns of suspension and actually 
measuring the reflected lights with a suitable photometer, not only 
is one of the variables eliminated, but also we are enabled to de- 
termine the absolute ratio of the lights reflected by various stts- 
perisiotis, The photometric part of the apparatus consists OT 2 
wedge of neutral tinted glass by which the light from one of the 
suspensions may be controlled; and a suitable optical arrangement 
for observing the two beams of light. A Lummer-Brodhun prism 
would serve this purpose admirably, but by a simple arrangement 
of murrors, a field far more sensitive than that of the Duboseq 
colorimeter may be obtained. 
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Briefly the design of the instrument is as follows: The suspen- 
sions to be compared are contained in the two cells 4 and 8 shown in 
the accompatiying diagram (Figs, 1 and2). These consist of cylin- 
ilrical glass tubes about 4 em, high and 1 cm. in diameter, A glass 
plate is sealed into one end, while the other end is covered by a cir- 
cular plate of glass slightly countersunk and held in place hy eaps 
of Hack fiber, These prevent stray light reflected from the edges 
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of the glass from entering the Instrument. Difficulties arising 
from the agitation of the liquid hy plungers are also thus avoided 
by having the cells completely enclosed. ‘The cells rest on a shelf 
and are illuminated normal to their axes by.a parallel beam of light 
from a 100 Watt lamp, The rays reflected from the stisprencded 
particles pass wpward to the two mirrors FE and F whence they are 
reflected into the magnifying eyepiece G, This is focused Ont, aii 
‘ror &. A crrcle cut through the silvering of mirror / permits the 
juxtaposition of the light from tubes ft and B thus giving thie eye. 
piece & field which is represented diagrammiatically in the accom- 
panying illustration. Photometric halanee 13. effected by changing the: 
intensity of the light from tube # by means of the sliding wedge of 
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neutral tinted) glass Af. This adjustment ts made by the thumb- 
screw J and the position of the weilge is read on a scale mounted 
alongside (not shown m the diagram). A compensating wedge 
wedge may be placed at J, but unless the sliding wedge /7 ts of Fairly 
steep pitch, this is unnecessary, as the illumination of the field is 
sufficiently tniform without it. All parts of the instrument from 
which extranegus light may be reflected are painted a dead black. 





Fr 2. 


‘The covstruction of this instrument way delayed owing to diff- 
culties encountered in securing nevitral tinted glass. While await- 
ing its completion we decided to improvise 4 nepliclometer m which 
several minor-changes have been made. Among these may be met- 
tioned! the substitution for the glass wedge of a metal plate in which 
was ctit a tapered slot. With this instrument we undertook. some 
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work of rather an empirical nature along biochemical lines. Kober 
in one Of lis papers suggested the possibility of a nephelometric 
determination of albumin in urine, and a turbidimetric method for 
the same has been developed by Folin and Denis." We therefore 
(ecided to apply our mstrument to this problem, The standard was: 
prepared from fresh normal human serum as recommended by Folin 
and Denis; and was standardized by nitrogen dererminutions and 
also by gravimetric determination of the heat coaguiahle proteins. 

Diffenlty was encountered at the start in comparing in the 
nephelometer albumin precipitated im the urine with that precipitated 
in the solution of standardized blood serum, on account of the dii- 
ference in color due to the urinary pigments. In order te eliminate 
this interference of color, and also to obtain identical conditions of 
precipitation for both urme and standard, two ¢éywal portions of 
the urine of from 03 cc. to 10 c.c, depending upon the quantity of 
albumen present, were taken. To one of these a known amount of 
standard was added (about 0.5 c.c. of o.4 per cent. solution af serum 
protein). Both were then diluted to 75 ¢.c. with water and finally 
made up to 100 cc. by the addition of a 7.5 per cent, solution of 
sulpho-salicylic acid; This gave a final concentration of L.&7 per 
cent. sulpho-salicylic acid, while the amount of protein varied from 
2105 mg, in too cc. The resulting opalescent solutions were then 
compared in the nephelometer, the tube containing the urme plies 
standard being placed under the tapered slot, The light from this 
tube was then progressively diminished by adjustment of the slotted 
plate until photometric balance was obtained: From a scale with 
suitable vernier the position of the plate was read, A= the theory 
has not advanced far enough as yet to permit of a purely formula- 
tive interpretation of the readings, the ratio of the concentrations of 
the two suspensions was determined froma curve. This curve had 
been obtained by plotting against the concentrations the scale read- 
ings obtained when known ratios of serum, made up with albumin 
free urme and precipitated with sulpho-salicylic acid under identical 
conditions, were compared. From the ratio & determined hy ments 
of the curve, the- amount X of albumin originally present in the urine 
was found by the formula #— ¥ = where # is the amount of 

* Folin and Denis, Jowr. Biol) Chen, XVII. 273, 141d 
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serum albumin added, CQhiantities of urine and of standard! were 
so taken that # would be in the neighborhood of one half Lerines 
contaming large amounts of albumin (1 per ¢ent. or over) were, 
after suitable dilution, compared directly with standard serum solu- 
tion. In the case of such urines the high dilution necessary to 
obtain suitable nephelometric clouds eliminated the differences of 
color mentioned above. The results were compared with gravi- 
metric determinations made according to Scherer’s method. The 
clear filtrates from the coagulated protein were tested with sulpho- 
salicylic acid to make sure that none of the protein remained in 
solution. Duplicaté gravimetric determinations gave good agree- 
ment. It was immediately evident that the mephelometric de- 
terminations were considenibly higher than the gravimetric. More- 
over, in the case of determinations on daily specimens of urine from 
one patient, the nephelometric results were consistently about 25 
per cent. higher than the gravimetric, while ina similar series from 
another individual the ratio between nephelometric and gravimetric 
determinations was very variable, ranging from 1 to about 1.5. 
This at once suggested that the different proteins of the serum, while 
closely related chemically and equally precipitable by sulpho-salicylic 
acid, might give, in the nephelometer, clouds of different intensities. 
It 1s a significant fact that in the case of patient R where the ratio 
of nephelometric to gravimetric was variable, half. saturation of the 
urine with ammonium sulphate gave a considerable precipitate of 
globulin. 

In order to determine what differences might exist between the 
opalescences produced by equal amounts of the various serum pro- 
teins on precipitation with sulpho-salicylie acid under identical con- 
ditions, albumin, englobulin, and pseadoglobulin were prepared from 
horse serum, Solutions of these when compared in the nephelom- 
éler gave surprisingly different results. The albumin gave about 
two and one half times as great an opalesence as the englolmilin and 
about three times as great as the pseudoglobulin, Compared with 
casein® suspensions, the following ratios, expressing the light reflect- 

“As standard solutions of casein are casily prepared and also give very 
satisfactory clouds on precipitation with sulplo-salicylic acid, this sabstanee 


forms a very convenient standard af reference in nephelometric work with 
various proteins, 
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ing power of equal amounts of these proteins, were found; Casein 
—=o.67 albumin; englohulin—o.63 casein: pseudoglobulin—o.51 
casein. 

From the results experimentally obtained with various urines 
and from the differences mn, the clouds produced by equal amounts 
of ‘the serum proteins, it may be seen that the nephelometric com- 
parison of urine, in which these proteins may occur in varying 
amounts, with any definite standard such as serum cannot give a 
determination of the total protein. We hope by the use of specific 
precipitants to apply the nephelometric method to the separate de- 
termination of albumin and globulin in urine. This may be of value 
in diagnosis. 

As the object of this paper has been to consider mainly the 
design of the instrument and the reasons for this design, the dis- 
cussion of its application to the determination of- albumin fn urine 
has of necessity been hardly more than a suggestion of the work 
along that line. The results of the investigation of this particular 
problem with the experimental details, will be published shortly. 


SUMMARY, 


1. The previous work in nephelometry has been briefly reviewed 
and the underlying principles of the nephelometric and turbidometric 
methods have been compared, 

2. A new form of nephelometer has been described in which 
edlumns of suspension of equal lengths are used. “Che lights. re- 
fiected are equalized and compared hy means of a movable wedge 
of neutral tinted glass. Juxtaposition of the two emergent beams 
is secured by mirrors. 

3: The variations found in preliminary experimenis on the 
nephelometric determination of alluimin in urine indicated phat 
equal amounts of the various serum proteins might give different 
opalescences. Investigation showed that upon precipitation with 
1.67 per cent. of sulphosalicylic acid, the same concentrations of 
serum albumin and serum globulins gave wirely different clouds, 
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Tae Fixep Anticyctones Anove Existing Coxtinentat 
GLACIERS. 

The Anticyclones as Agents of Glacier Alimentation—In two 
monographs published in roro' and later in my “Characteristics of 
Existing Glaciers,"? a theory of fixed glacial anticyclones centered 
over the snow-ice masses of Greenland and Antarctica was put for- 
ward upon the basis of a comprehensive review of the results of 
polar exploration, This theory furnished an explanation for the 
nourishment of these inland-ice masses through adiabatic melting 
and vaporization of the ice particles of the cirri, as they are drawn, 
down within the yortex of the anticyclone, and the precipitation of 
this moisture, generally as fine ice needles, when it comes into-con- 
tact with the glacier surface and the cooled air layer immediately 
above it. The obvious application of this theory of alimentation: 
to the even greater continental glaciers of the Pleistocene and earlier 
glacial cycles, was made in a separate contribution” For these 
fixed anticyclones themselves, which are deserving of a special 
name, 40 much evidence has now accumulated that their existence 
can hardly be disputed, though differences of opinion will na doubt 
arise concerning their dominance over or dependence upon the 
usual migrating cyclonic and anticyclonic movements in the at- 
moaphere, 

The Northern and Southern Glacial Anticyctones Com pared — 
That a great fixed anticyclone exists within the south polar region 

“The Tee Masses.on and About the Antatetic Continent.” Zeitsch, j. 
Gistsckerk., Vol, 3, rote, pp. top-140; “ Characteristics of the [nianed-ice of 
the Arctic Regions," Pree. Am. Philos, Soc. Vol. 49. 1910, pp. of-Lo. 

* Macmillan & Co, New York and London, port, Chaps: IX. and XVT. 
anid) afterword. 

*W.H. Hobbs; " The Pleistocene Glacation of North America Viewed 
in the Light of Our Knowledge of Existing Continental Glaciers,” Aull, Aun. 
Geogr. Soc, Vol. 43, 1911, pp. dgr6s0. When this theory of alimentation 
was announced, I supposed it to be new to science. Professor Hans (ram: 
mer has since called my attention to a Yiitle-known paper by Fricker pub- 
lished as early aa 1803, in which o similar idea was tuade a4 4 vugertion and 
ata time when there was little known which could have been cited in its 
suppart. (Or. Karl Fricker, “Die Enistehumg snl Verbreitung dea antark- 
tischen Treibeises”' Ein Beitrag xur Geegraphie der Sadpotargehiere. Lerp- 
rig, W803, p. 06; also “ Antarktis” Scholl umd Grind, Berlin, 1808 rip, By 
188.) 
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seems to have been early recognized by a mumber of scientihe men, 
due especially to the writings of the late Sir John Murray, bernacehi 
and Guchan, By them it was, however, assumed that this condition 
was determined in some manner by the earth's southern geographic 
pole, and was not connected. with the inland-ice. A like natural 
temlency to regard movements within the lower atmosphere as de- 
termined primarily by their positions relative to parallels of latitude, 
is more or less general, As an illustration, it generally assumed 
upon the basis of few and scattered observations within all save the 
central European ateas, that the ceiling of the tropasphore in its 
deseent from the equatorial region» teaches its minimiuni altitude 
above the geographic poles, though it is far more protiible that in the 
northern hemisphere at least its minimum of altitude is to be found 
to the southward above the cantinental glacier of Greenland. In 
the southern hemisphere the Antarctic continental glacier ts. prob- 
ably centered near the pole, and in consequence conclitsions drawn 
from geographic positions are there relatively indecisive. During 
ithe winter. season the great deserts of moderate latitudes become 
likewise the loci of anticyclones. Their influence upon the general 
circulation within the earth’s atmosphere should be, however, rel- 
ative to that of the inland-ice-amall by comparison. It is because 
the inland-ice masses have a domed surface that they permit the 
air which is cooled by contact to flow outward centrifugaily and se 
develop at an ever accelerating rate a vortex of exceptional strength. 
As already pointed out in my earlier papers; this is one of the 
essential conditions for the formation of strong glacial anticyclones. 


Them: Stroriic Action HeLifvep Tro pe Depexpent ULON AH 
AtcromaticaLty Recussing Distugeaxce of BaaNce — 
Berween Orrostnc Forces. 

The Kefrigerating ir Engine—The strophic action of glacial 
anticyelones is one of their most markec| characteristics, and would 
appear to be dependent upon the shield-like form of the glacier 
sutface. Opposed to cach other are here the abstraction af Neat 
from the air above the glacier surface tending to make jt slide off 
tadially, and the increase of temperature due to resulting conden- 


1912] IN AIR CIRCULATION OF THE GLOBE. 189 


sation, Unlike the latter, which is determined by the measure of 
the vertical component of its fall, the contact cooling is in direct 
ratio to the time the layer of air rests wpon the snow-ice surface. 
Conditions of calm therefore favor cooling and descent of air cur- 
rents, as high wind velocity, does the warming and consequent re- 
tardation or even reversal of the descending current. It is not sur- 
prising, therefore, that the strophic glacial storms are initiated in 
caim conditions, “work themselves up” or become accelerated to 
accord with the acceleration of velocity of bodies sliding upon in- 
clined surfaces (here further accelerated: by increasing slope toward 
the margins), and bring about their own extinction when the air 
passes over the surface too rapidly for surface cooling to exceed 
or equal adiabatic warming. The sudden check in the outward 
flow of air, which is one of the most striking features af these 
strophic movements, in turn promotes new surface cooling and 
causes the precipitation of fresh snow within the zone of near con- 
tact to ce, thus often taking place with the sun but little obscured. 
In the automatic recurrence of similar movements the glacial anti- 
eyelone thus bears considerable resemblance to the hydraulic: ram. 


Tie Lines of Eviwexce pou Freep GLACIAL ANTICYCLONES. 


The Earlier Evidence—The observational evidence which in 
earlier papers was adduced in support of the existence of the glacial 
anticyclone above continental placiers, was drawn chiefly from. the 
then available reports upon exploration of the inland-ice masses of 
Greenland, Antarctica, and Northeast Land (Spitzbergen). Thus 
ang may be profitably summarized tnder the following heads: 

*. Centrifngal flow of surface air currents above inland-ice 
tasses, 
2°. Outward (centrifugal) sweeping of surface snow lLirgely 
derived from the central areas, and its deposition and accumulation 
as a marginal fringe about the inland-ice, 

3°. Snow in large part wind-driven shove the sloping portions 
of the ice mass. 

4°. Sudden warming of the air at the end of the blizzard— 
foehn effect in descending currents. 

5» Behavior of upper air currents and movements of the cirri. 
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6°. The evolution of the Antarctic blizzard and its termination. 

7°, Areas of relative calm corresponding to the fiat central 
hosses of the ice domes. 

&°. Ar highly charged with moisture within the flat central area 
of calms, and precipitation of snow or ice near the glacier surface. 

Confirmation in Later Exploration—In the three years. which 
have elapsed since the appearance of my “ Characteristics of Ex- 
isting Glaciers,” important new explorations have been carried out; 
the inland-ice of Antarctica has been twice penetrated to the south- 
ern geographic pole and new areas have been explored; several 
crossings of Greenland have been made along new routes; and full 
reporis upon some earlier explorations have become available It 
ig proposed, therefore, to review the evicence and show how this 
has heen enlarged by the recent observations: as well as to add 
evidence along hitherto undeveloped directions. Such a discussion 
of the evidence seems to be called for at the present time, since in 
a paper recently read before the Royal Meteorological Society, 
Brooks has presented this theory as his own, merely citing my book 
for references to placial conditions.* 


Evinexnce ror More tHan Owe Anticycuoste Cexten Anove 
EACH OF THE GREATER Areas or INLAND-IcE. 

Greesland—The three transections of the Greenland continent 
which have now been made within the central and southern por- 
tions, have revealed the fact that there are at least two higher plains 
upon the snow-ice surface which are separated by a depression. 
This depression clearly lies to the northward of de Quervain's route, 
since his summit level is considerably lower than that of either 
Nansen or Koch and Wegener, thongh like Nansen’s, his highest 
pomt is found near the east coast. The southern of the two nour- 
ishing centers of the Greenland ice-sheet is thus located toward the 
east coast and south of the Arctic circle, whereas the other center 
lies toward the west coast from the medial line of the continent, 

‘Charles B. Brooks, “The Meteorological Conditions of an Ice Sheee 


and their Bearing on the Desiccation of the Globe,” Quart, Jumr, Rov. 
Meteoral, Sec. Vol 40, 1914, pr. 54-70. | , ¥ 
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and in an as yet undetermined latitude, though certainly well to 
the northward of Disco Island (Fig. 1). 





Fi, t= Sketch map of Greenland w show roughly the position of the ice 
domes within the central and southern portions. 


Antarctica.—This discovery that Greenland is provided with more 
than one nourishing center for its inland-ice, is wholly in accord with 
what has now been learned concerning the Pleistocene continental 
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glacters of North Anijerica, which had the Keewatin, Labradorean 
and Patrician nourishing centers that repeatedly waxed and waned 
sa as to reach their several maxima at different times ( Fig. 2). 
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Fim 2 Map showing the known anticyclonic centers of the Pleistocene 
continental glacier of North Americn, 


From the Antarctic region the experiences of Mawson strongly 


indicate a near-by anticyclonic area probably located near the mag: 
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netic pole* Within a vortex of this nature the wind velocity is 
determined by angular velocity multiplied into the radius, and hence 
one of relatively small dimensions should exceed in vigor one that is: 
spread over a vast field and in which the steeper marginal area 
bears a smaller ratio to the whole. Mawson has expressed the 
belief that his hase was near the center of a permanent anticyclone." 
Tae Cenreirvcat Frow or Surrace Aim Currents Anove THE 
Intann-Ice Masses. 


Early Evidence from. Greenland.—Iin tort when my work on 
glaciers was published, evidence was available upon this from both 
the eastern anil western coasts of southern Greenland in fatitude 
64° (Nansen), from west Greenland im latitude Go" (Peary and 
later de Quervain and Stolherg’), from northwest Greenland in 
latitude 78-83° (Peary), and from northeast Greenland in fatitude 
77 to 82° (Trolle), With the exception of the first and last men- 
tioned, these data applied exclusively to the western coast where 
the prevailing surface winds come from the easterly quadrants. 

Later Confirmation.—The later evidence for the centrifugal flow 
of surface air is ample and throughout confirmatory. De Quervain, 
who crossed the minland-ice in 1912 between the latitudes of 66° and 
68°. found head winds while ascending the west slope, but winds 
from behind during his descent to the east coast." Referring to 
the low temperatures and the wide diurnal temperature minge within 
the central area, de Quervain says: 

“Tt is the cold sir of this middle part which even in summer streams 
like water from off the high surface toward all margins, deviated to the 
right in consequence of earth rotation" (p. 137). 

Measurements of snow temperature made at different depths show 

Sir Douglas Mawson, “Australasian Antarctic Expedition 191-1914," 


Geogr. Jour, Vol 44, 1014, pp. 297-286. 

‘Leap Go 

T The first Swiss expedition, which penetrated some seventy miles [rom 
the coast (A. de Quervam wd A. Stollerg, “Durch Grénlands Exewiste,” 
Suneshurg, too). 

*A. de Quervain, “ Quer durchs.Grimlandeis, Schweizerische Gronland- 
Expedition 1912-73." Reinhardt, Miinchen, 19014, 106 pp, U5 pla, a7 fies and 
trap. Also personal conimiunicntivns, 
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how exactly the air temperature follows that of the snow (p. 4). 
The diary of the journey (pp. 85-104) shows that for the first 
three weeks on the inland-ice the wind blew almost uninterruptedly 
down slope from in front, became more variable and shifting on the 
plain with slope a few seconds of arc, and reversed direction and 
blew from the northwest soon after passing the divide, where slopes 
became # of arc to the eastward. 

Koch and Wegener in their transection of the Greenland conti- 
nent at its widest section (between latitudes 72° and 73°) en- 
countered essentially the same conditions, the outward blowing cur- 
rents constituting a veritable succession of storms whose vigor in- 
crensed toward both margins of the section.” 





Pics 3. Frequency wind-rose at Danmiarks-Haven in north 
land and (at the Jeit) as sketch map showing location iad 
reference to inland-ice (after Wegener), | 


Green- 
of the station. with 


From northeast Greenland there was available at the time of my 

earlier discussions of the glacial anticyclones, only a preliniinary 
‘). P. Koch, “Unsere Durchquerung Griinlanils tuts aa | 
sf | & iuta-torg, 

(resellich, #. Grdk =z. Berlin, toa: Alfred Wegener, i ca ate 


sw i i aa | oe 
fiber dit wissenschafilichen Exgetarisse der Expertitien,” wae Bericht 
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statement concerning the prevailing direction of surface winds at 
the Danish base near Cape Bismarck. More recently (rort) the 
full meteorological report by Wegener has been issued; and, con- 
firming the earlier statement, shows that all strong winds come from 
the westerly (inland-ice) quadrants. The frequency wind-rose to 
cover the entire period of two years over which the observations 
extended, is reproduced in Fig. 3.°° If the wind force had been 
taken account of, the easterly sections of the rose would have almost 
disappeared, since easterly winds are always light sea breezes, 
which at an elevation of only 1,000 meters have been completely 
overwhelmed by the northwest winds.* In this rose the dextro- 
rotatory deviation of the down-slope wins Is apparent. 

arly Evidence from Antarctica—Over the Antarctic inland-ice 
the law of surface air circulation had been clearly indicated by the 
results of exploration at the time of my carly discussion of the 
subject, The more important data had been derived from the 
sledge journeys of Captain Scott, Sir Ermest Shackleton, Protes- 
sor David and Dr. von Drygalski. As carly as 1902 Captain Scott 
had ascended the Ferrar glacier outlet to the inland-ice above the 
mountain rampart and pushed west southwestward over it for a dis- 
tance of two hundred miles, ascending on ever decreasing grades to 
the farthest point attained, and encountering winds of nearly con- 
stant direction coming from the south-southwest. The prevalence 
of such winds was demonstrated by a single set of sastrugi which 
pointed in the same direction (see Fig. 4).% Shackleton on his 
polar journey ascended the Beardmore outlet and fora like distance 
af two hundred miles over the inland-ice found strong winds blow- 
ing from the southerly quarter and sastrugi pointed in the same 
direction, David pushed northwestward from Ross Sea over the 
inland-ice to the south magnetic pole, crossing over a crest in the ice 
and descending on low grades during the last stage before reaching 
the pole. Here the same rule of distribution of currents applies, 

A Wegener, “ Med. om Gronland,” Vol. 42, 1911, pp. 324-326. 

tt Wegener, “ Med, om Gronland,” Vol. 42, PP 73-75- 

t? For thie and other references to work published before 1910, see 
“ Characteristics of Existing Glaciers," Chaptera XIV-AVL 
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Fra. 4. Map of South Victoria land showing the sledge routes of Seat, 

. Shackleton and David over the inland-ice. 

for during the ascent he encountered northwest winds with Sastrigi 
pointing toward the same quarter, but after passing the divide and 
on the down grade winds blew from behind—southeast. These 
observations were fully confirmed by the return journey 
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in Kaiser Wilhelm land also the report of von Drygalski shows 
that the prevailing winds blow downward off the inland-ice onto the 
sea and the shelf-ice'in front, heing deviated to the left—the prevail- 
ing strong winds are from the easterly quarter. 

Later Confirmation.—Later data which bear upon the problens 
are derived from the Atmundsen and the second Scott south polar ex- 
peditions, from the second German expedition to the Antarctic com- 
ommded by Filehner,-and from the Australasian Antarctic expedi- 
tion of rgti—14 under command of Dr., now Sir Douglas, Mawson. 
The route of Captain Amundsen passes through the mountain ram- 
part which hems in the inland-ice, keeping a direction diagonal to 
it and for sone distance alter leaving the outlet behind takmmg a 
course near a high mountain range. The few data upon wind 
directions which he has jotted down in his narrative, appear to indi- 
cate local currents controlled by these mountains until he had 
reached the 88th parallel, where he entered an area of calms and 
licht variable winds.’* ‘The second Seott expedition inasmuch as il 
followed the route of the earlier Shackleton expedition, has for the 
greater part of the distance, or until it entered the area of calms, 
served only to confirm the prevalence of outwardly flowing wind 
currents described by Shackleton." 

The recent Australasian expedition supplies evidence from a 
new quarter—the long coastal area near the Antaretic circle and to 
the westward of the Ross Sea, on which coast the inland-ice is not 
held in restraint by any barrier of mountains, as is the case in South 
Victoria Land. -Along this coast, summer and winter alike, almost 
incessant storms blow off the ice onto the sea. These outwardly 
direeted storm winds tend to keep the near sea area clear of pack-ice 
but offer great difficulties in the way of effecting a landing at all 
éave those rare occasions when the force of the wind falls away." 

In Prince Regent Luitpold Land, where the liter German ex- 
pedition effected a landing upon the inland-ice—here likewise utt- 
confined by a mountain wall and with partially detached shelf-tce in 

1 Roald Amunisen, "The South Pole,” Vol, 2, 1043- 

i" Sentt's Last Expedition.” Val. 1, Chapters X VIT-XALA. 

‘6 Sit Douglas. Mawson, “Australasian Antarctic Expedition tgtt—l4," 
Geogr, Jour, Vol. 44, toa, pp. 257-2, maps and plates. 
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front—much the same conditions obtain, the wind blowing out to 
sea with velocities sometimes as high as 40 m.p.s."* 


Outwam) Sweerinc of THE Surface Sxow wWiticn. Fates Over 
Tre CextTrat Ageas or tHe Ice Domes, ano irs AtcumrLa- 
TION Anout THEtR Manors. 

The Centrifugal Snow Broom—Whiat may be characterized. as 
the centrifugal snow broom which sweeps out snow deposits from 
the central areas and collects them upon and about the margins of 
continental glaciers, is a necessary consequence of - strong anti- 
eyclonic conditions; and its work is in evidence within all areas 
where inland-ice has been extensively explored. 

From observations by Wegener, a wind velocity of 6-7 mops. 
raises the snow lying upon the ground and sets it in motion along 
the surface at heights up to several decimeters: (a foot or there 
abouts). With wind velocities of 10-15 m.p.s (22.4-33.6 miles per 
hour) the migrating drift snow rises in a laver several meters in 
height and interferes seriously with seeing conditions. With veloci- 
tics of 20 mys, (44.7 miles per hour), the snow is carried to a 
height of 20 meters, or over stxty feet, and much higher in the lee 
of obstructions im its path.** 

The Sweepings Below Outlets —I is obvious that the results of 
snow drifting by centrifugal surface currents above inland-ice will 
be different according as the ice mass has been built up within a 
rampart of mountains (South Victoria Land and the greater part 
of Greenland), or as it has been allowed to shape itself independent 
of such retaining wails. In the former case the drift sow pours 
out along the courses of the outlet glaciers to form characteristic 
aprons at their bases." or perhaps to prodtce definite fringing gla- 

mW“ Deateche Antarkticche Expedition, Bericht Gher die Titickeit nach 
Verlassen von Siidgeorgien,” Zeitsch. d. Gesellsch, fF Erdbunde o£. Rertin, 
1973, P. 15; see alao, Kom, prewaz Meteorol. Institute, Abh., Bil 4, Heft UL, 
s “ Med. om. Grinland, Vol 43. p, 45. 

In the light af ohtervations by Scott, Shackleton and David in South 
‘Victoria Land, it seems probable that these apronike snow deposita in the 
form of dry deltas are due largely if not wholly to this cause. “Not only 
have explorers observed the rapid collection of the drift snow at the beac of 
the Beardmore outlet, but this origin f4 prohalile for the reason thai accord- 
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cers such as have been desertbed by Chamberlin*® and Salisbury” 
from northwest Greenland, and by the Danes in northeast Green- 
land.™* 

Shackleton, who advanced over the inland-ice im his southern 
journey on a layer of granular surface sow, returned over a 
marble-like floor from which the snow had all been swept by the 
fierce blizzard encountered near his farthest eouth, On arriving at 
the Beardmore outlet, he found the lower forty mules of the stream 
buried deep under great drift accumulations. Scott on his last 
expedition was much lées fortunate while on the plateau, and the 
burden of his diary is a prayer for strong wind to clear the surface. 
As is well known, he encountered heavy sweepimgs of powdery 
drift snow at the base of the Beardmore, both during lis advance 
and on the return, and his floundering progress through this soft 
snow Wis Romain ke cause of the final disaster which over- 
took the expedition. 

From what is known of the characters of freshly precipitated 
snow at different air temperatures, it is possible to rather definitely 
ascribe the enormous snow drifts which piled up for four consecu- 
tive days upon the Beardmore glacier apron as the chasse neige in 
process of melting as a result of adiabatic rise in temperature in de- 
scending currents. This snow, Captam Scott tells us, was the fine 
powdery type, though the temperature was phenomenally high 
(+-27*—3t° F.), stuck to hair and beard, and produced pools of 
water everywhere On the return the snow here was soft, loose 
and sandy, and sledge work was like “ pulling over desert sand." 

Marginal Accretions of Snow—Valuable new observations 
which bear strongly upon this point, have been supplied tn the pre- 
liminary report upon. the crossing of Greenland by Koch and 
ance of surface level ts generally oliserved to charicterixe the Junctions of 
tributary with main glacter étreams wherever snow drifting plays only a 
scconidary role. 

i Jour, Geol,, Vol, 4, Bos, ph 37O. 

=]. ¢, p S46 

= Koch und Wegener, "Die gliciologischen Teohachtangen der Dan- 


mark-expedition,” Med. om Gronfand, Vol, 46, rota, Chaps VI-VIT.. ple 
and figs. 


a2 Seoit's Last Expeditinn,” Vol 1, pp. 335-3360. 
Lc, pi 306. | 
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Wegener, They teport almost continual <torma in al) save the 
highest section of their journey, the wind descending the slopes and 
filling the air with drift snow. Within the marginal portions of 
their section, it was established that the finely granular surface layer 
of snow is joined abruptly to a more coarsely crystalline subjacent 
layer and corresponds to the annual deposit, This layer was by a 
series-of measurements shown to vary in thickness from 20 en, or 
about eight inches, in the central portion, to one half meter {or 
about two and a half times that thickness) near the east coast, and a 
meter (or five times this thickness) near the west coast. Schemat- 
ically represented with grossly exaggerated scales, this distribution 
is expressed in Fig. 5. Ut was further determined that the snow 








Pia. Diagram-to illustrate ‘the ima rial thickening of annital annoy; 
iicpesit upon the Greenland continemtal glacier duc to drifting on radial Hnes 


deposit at Borg, the winter station upon the inland-ice though rel- 
atively near ite margin, was less than on the coast to the eastward? 

Stull more recently has appeared) the preliminary report of 
Mawson pon the Australasian Antarctic expeilition, in which he 
tells us that at the winter station on the margin Of the inland-ice, 
the winds which blew down slope and off shore raised “a sea of 
drifting snow which poured Huid-thick over the landscape.” 

" For months the drifting smow never ceased, and intervaly of many. days 
together passed when i was impossible to sce one's hand held at arm's 
leneth. The drift snow became charged with electricity and in the durkness 
ef the winter night all pointed objects and often one's clothed, nose. anil 
finger tips glowed with the pale blue fight of Se Elma's fire. ... Such 
weather lasted almost nine months of the year. Ever in the height of sum- 
met, bilizrard followed blizzard in rapid sticecssign "2 

Where tongues of jce extended out to ‘ta trom the shore, 
collected upon them though the marginal slopes were ay 
it by the force of the biizzard.** 


Show 
ept free of 


+A, Wegener, " Vorliufiger Hericht ther die wissensehiaftlichen: Exgeb- 
nisve der Expedition,” Zeitsch. d. Geaeli, 7, Erdivunde 2. Berlin, iors. 

Sir Daughs Mawson, "Australasian Attaretie: Expedition, 1grt-i4." 
Geogr. Jour, Vol. 44, tora pp. 26a, 


F° Mawson, “ The Home of the THiseard.” fo15, Vol. 2, p. 3g. 
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SUDDEN WARMING OF THE AIR at THE ENp of THE GLACIAL 
BuzzaAnp—Pornn Errecr in Descennrxa CURREXTS. 

Intensive Foeln Effective in Outlets—This familiar foetn 
effect is 50 general 4 phenomenon about the margins of both the 
great continental glaciers that it has long been recognized.** ‘The 
general rule holds that the temperature of the air rises as the 
blizzard is evolved=" Wherever a mountain rampart exists, the 
elevation of temperature becomes accentuated within the glacier 
outlets, and melting in Antarctica is almost unknown except under 
theee comlitions, An interesting example of this which has not 
before been emphasized, ts supplied by Armitage, who on the first 
ascent Of the Farrar outlet found a stream: of water seven feet in 
width and nine inches deep flowing beside the ice” The effeet of 
similar currents of water was noted by David on iis ascent to the 
plateau trom McMurdo Sound. A remarkable instance, also, with 
long cottinuance of high temperature, 15 that alive cited from 
Captain Scott's journal, while camped on the apron below the Beard- 
more outlet. 

The Greenland Foehn.—The characteristic Greenland foehn has 
iwen subjected to a special study hy Stade, the meteorologist of the 
Berlin Geographical Society's expedition to Greenland.” He finds 
that the temperature changes are much more pronounced during 
the winter season, the rise oti March 5, 1893, having been 12* C 
and probably much more. within the space of a few minutes. 
Siade’s conclusion is that these foehn winds are connected with low 
fireas maving northward in the Davis Straits, the maxitiuin of air 
temperatire and the minimum of relative humidity corresponding 
either exactly or approximately with the minimum of pressure at 
the station. De Quervain's later studies would indicate that Stade's 
moving depressions may better be regarded as pulsations within a 
stationary low pressure ares lying over Davis Straits and Baffin’s 

See “Characteristics of Existing Glaciers." pp, 149-150, 268-271. 

Cf Mawson, “The Home of the Blizzard.” 

ce A A, Armitage, "Two Yeara in the Antarctic.” London, 1905, 

“Dr A. Stade, “Ober Foehnerscheinungeo an der Westkiiste Nord- 
groniands und die Veranderung der Luittemperatur und Feuchtigkeit mit 
der Hohe, Nach den Beobachrungen auf der Station Karajak, Gronland Ex- 
pedition 1891-93." Vol 2, thay, pp, s0t-s3a 

FRih. AMER, PUL. #0, Div, 295°8, PRINTED AUG, 4, 1905, 
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fay. It would then seem more in harmony with the facts to 
reverse this conception and assume that the low pressure area is 
stimulated to greater vigor by the-arrival of (he strong winds of 
the glacial blizzard over the inland-ice. 

Foehn Level and Foehn Clonds on Greenland Coast—In north- 
cast Greenland the monumental investigations by Wegener furnish 
us with clearly defined results. Tn addition to full station weather 
ohseryations collected for a period of two years at two neighboring 
‘Stations—Pustervig, relatively near the inland-ice margin but within 
a canyon, and Danmarks-Haven, fifty miles further outward and 
upon the coast;"! we have systematic observations with kites and 
capitive balloons in ascents to heights generally of 1,500 meters and 
occasionally of 3.000 meters. The results indicate that the larger 
weather disturbances are in the main controlled by the great high 
pressure area lying over the continent, that two strongly marked 
lower inversions. in the atmosphere ocenr almast uniformly; the 
first within the lower 200 meters and explainable by surface radia- 
tion arid latent heat of freezing and thawing, while the: secand lies 
between a thousand and fifteen hundred meters of altitude, at which 
level the great outward streaming from the inland-ice pours over 
the rock plateau to the westward of the station (average height of 
the platean S00 meters). The most prevalent cloud form ai the 
stations consists of a series of flat mushroom shapes in A succession 
of steps or stages located near the upper inversion level—on an 
average, 1,200 meters. These being clearly due to foehn conditions, 
they have by Wegener been given the name, “ foehn clouds." 

The twenty-three ascents of Kites and halloons which Were car- 
ried out at the time of more pronounced fochn, indicate that owing 
‘to the partial disappearance at such times of the lower cold moist 
layer, the temperature inversion of this lower layer is less pro- 
nounced and the temperature fall in the layers ahove it more pro- 
nounced, than at other times—in the most marked Instances this fall 

A. Wegener, “ Metcorologinelre Terminbeobachtungen am Danmarks- 
Raven, Med, om Gronlend, Vol, 4x, 1911, pp vaeass. W. Brat und A. 


Wegener, " Meteorologiache Reobachtungen der Station Postervig,* hid... 
1012, pp. 440-5602. 


* A. Wegener, “Drachen~ und Pessdlbullonaitfstiege aime gefulict ant der 
Danmark-Expedition 1906-08," jhiil,, pono, pp, 7s. 
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is super-idiabatic, The typical foehn cloud layer at 1,200 meters 
is-also at such times much more marked, and up to this level the 
wind velocity falls off with altitude. Of the greatest significance 
were the results of ascents made at the time of easterly winds— 
always light; since these show that the easterly winds fade away 
below the altitude of 1,000 meters, at which level they became 
replaced by the westerly winds which are controlled by the anti-. 
cyclones” 


AREAS OF ReraTiveE CALM AND OF Are HicaLty CHARGED WITH 
Motstcre Coksesronping To THE Centeat FPLains 
Cron toe Ice Domes; 

Fow Early Data—At the time “ Existing Glaciers” was pub- 
lishetl, no observational evidence bearing upon this point was avail- 
able fron: either of the large continental glaciers, since nesther had 
heen penetrated to the central area. Nansen’s crossing of Green- 
land within its narrowed southem partion, had revealed an area of 
calm near the divide on his section, but it could not then be predi- 
cated that this represented more than the margin of the central ice 
plain. The most valuable evidence then available was derived from 
Northeast Land (Spitzbergen), which is covered by a dome of 
inland-ice about a hundred and eighily miles in diameter and be- 
tween two thousand three thousand feet in altitude in the central 
area. ‘This area of inland-ice had in'1873 heen penetrate) by A, EL 
Nordenskidld and Palander, who several times observed the simul- 
taneous fall of irregular ice-grains enveloped in water and of small 
snow-flakes cither rounded or star-like, the ice-erains freezing im- 
mediately on falling and becoming attached to the hair or clothes, 
since the air temperature was —4° to — 5°." 

Recently Acquired Hvidence from Antarctica —During his pene- 
tration of the inlanid-ice area of Antarctica, Captain Amundsen, en- 
tered near the 88th parallel, what he believed to be a region of per- 
manent calm or of light winds and of generally clear weather. 
As evidence of this, the snow surface was smooth and with no in- 

FA, Wegener, “Deuchen- nol Fesselballomutfetiegs,” Med. om Grint. 
Vol 42, 19509, pp. 60-73, 
ili, ~ Extering Glaciers,” p. a77. 
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dication of drifting. “To a depth of 2 meters no hard stiow layers 
were encountered, so that the cutting of blocks (for guide cairns) 
was all but impossible. During the fortnight spent within this region 
the sky was clear with light winds, except on two days when there 
were snow flurries at intervals. The brightening after the snow was 
accompamed by such a high sun heat that even with most clothing 
removed the perspiration poured from the bodies of the men* 

Captain Scott, who entered the same general region about a 
month later, found conditions of atmosphere and snow which during 
the three weeks of his stay within it, agreed strikingly with those de- 
scribed by Anmindsen. After passing the latitude 4714°, hardly a 
day passed that he did not jot down in his diary the fact of variable 
light winds and the noteworthy softness of the cnow surface, sev- 
eral times expressing his opinion that the area is one of light winds. 
He was evidently puzzled by the appearance of the clouds, “ which 
don’t seem to come from anywhere, form and disperse without 
reason.” Again he describes them as “ coming and going overhead 
all day, dritting trom the 5, E., but constantly altering shape. Snow 
crystals falling all the time” (Vol. t, p. 370). On January 10 on 
the return from the pole, he notes, “Snow clouds, looking very dense 
and spoiling the light, pass overhead from S., dropping very minute 
crystals; between showers the sun shows and the wind goes to the 
ok MN 

Again and again he calls attention to the dampness and the chill 
it the air, so that when the temperature is observed, all are surprised 
that it is not lower. The sun was often shining through the snow 
nust, and bright sunlight and overcast sky interchanged with kalel- 
doscopic sudilenmess, Near the margins of this area snow blizzards 
were experienced, tut in comparison with the Barrier blizzarde Soott 
notes that the wind was surprisingly light, Temperatures rise 
after the blows. Within this central area the SistTug? are found 
in isolated areas, show cross directions and general lack af cori- 
tancy, The snow got softer the farther they went to the south- 
ward, and tt was soft below the surface alag “as deep as you like 
to dig down.” Yet with all the wind variations, there was evidently 
a preponderance of southerly and southeasterly wirids. Like 


32 Rowlil Asunilien, "The South Pole” Val, = Chapters X1]—X11, 
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Amundsen, Scott noticed a slight descent toward the pole from 
latitude 8914°, which, taken in connection with Shackleton’s obser- 
vations, would indicate that a crest of the inland-ice lies to the west- 
ward of the routes." 

Recent Data from Greenland —The account of de Quervain’s 
transection of Greenland in 1912 jn latitudes 66° to 7o° N., affords 
strikingly similar pictures. Whereas for the first three weeks of 
the journey upon the inland-ice, or until the ascent had been made 
to the interior plain, the outward blowing winds had been so con- 
stant as to be depended upon in laving the course; shifting winds 
of light force were encountered upon the plateau, and when the 
grade had been reduced to 3" of are evet west or northwest winds 
blew for short intervals. The air appeared to be strongly sat- 
urated with moisture, and at tines only the heads of the party would 
be visible at moderate distances because of the bank of mist, and 
beards, chins, caps, cte., became frozen into <solidl masses of ice, 
Once over the divitle, where the slope took ona descent of & of are, 
the wind blew strongly from the northwest. 

The expedition of Koch and Wegener which crossed Green- 
land in its widest section (in latitudes 7r° to 79°), perhaps. Tur- 
fishes us with the most satisfactory evidence that has yet beconit 
available upon meteorological conditions above the central boss of-a 
continental glacier; for the reason that no other expedition has 
penetrated so close to the heart of the area. From the prelimimary 
report we learn that above the flat dome of the ice shield, av area 
of atmospheric calm was encountered andl much must, which in the 
morning was generally so detise as.to hide the sun, The air was so 
supersaturated with moisture that the clothing was constantly wet 
and could be dried only oceasionilly and with much diffienlty, 
Everywhere above the altitude of 2,000 meters the snow. surface 
was granular and underlain by coarser grained material, though 
without hard separating crusts." 

Despite the supersaturation of the air and the frequent depost- 
tion Of minute ice crystals from the clouds, it is pretty clear that if 

wee Seolts Last Expedition.” Vol, 1, pp. 963-385. 

7 ACde Qiervain, "Quer durchs Grinlanideis.” tg, pp. 85-137. 

Alfred Wegener, * Vorliufiger Bericht ther die wissenschaftlichen 
Ergebnisse der Expedition.” Zeitsch, d. Gesell. f; Erk. = Serlin, 11g, 
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referred to the piateaw surface, the peculiar shifting clouds so often 
observed by Scott and Amundsen are at a low level. The diurnal 
temperature chart published by de Quervain for his transection of 
Greenland, shows that radiation from the surface is apparently but 
Ittle mrerfered with by clouds after the central plain has been 
reached. The abnipt change from this condition to one of small 
daily range of temperature, is found on both margins of the summit 
plain, 


Tae Crepr Anove axp Anovr tHe Existixa Contrnentat 
GLACIERS, 

The Earlicr Data—The relative abundance of cirrus and cirro- 
stratus clouds, not only above but about the margins of the con- 
finental glaciers, will be patent to any one who will read the fists 
of cloud observations which are published in the reports of the ex- 
ploring expeditions” In 1911 it waa possible to cite the observa- 
tion of Nansen, that during his crossing of the inland-ice though 
the sky was in the main clear, those clouds which Were present 
were generally the cirti or some combination of these with cunrli 
or strati. From the Shackleton expedition in the Antarctic it was 
learned that the upper air currents near the winter station generally 
appeared) to move in from the northwest quadrant and veer south- 
erly as they advanced toward the pole. The " polar bands” or 
“Nosh’s Arc" clouds (cirro-strati) in general moved southerly, 
but to the west of the Ross Sea, the “polar bands" moved in Fro 
the north northeast or northeast veering rownil from the north. 
Thus, as a general rule, it would appear that in this region the 
tipper currents carrying the cirri move roughly parallel to but in 
opposite direction from the stronger sirface currents, In the same 
region additional eviderice was detived from the behavior of the 

ee Sec, for example: “ Wilkes Exploring Expedition (when off the Ani- 
arctic Continent),” Vol XI., Meteorology, pp. 276-291: Mohn and Nansen, 
© Darchyuerung von Grontand.” Per, Atit,, Erginzungsh. 15. PP, 22-29; Duc 
dOrleans, “ Croiiéres océanographiques. dane. ty inet du Gronland en 1905, 
Kesultats scientifiques,” Bruxelles, igg7, PP, E267; Stade, " Gronland Expe- 
dition der Gesellschait fir Erdkinde,” '¥, 


: ol, 2 pp. 41-441; Wegener, * Me- 
teorologische Terminbeobachtungen,” ete. Wed. om Grinfend, Vol. 42, 1911, 
PP. 202-31, 
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yapor cloud above Mt, Erebus, which starts from an elevation of 
fiearly 14,000 feet. | 

Later Investigations —In endeavoring to investigate further the 
movement of the cirri upon the borders of the inland-ice, the data’ 
supplied by the Greenland Expedition of the Berlin Geographical 
Society have been taken into consideration. Stade in his tabulated 
meteorological data at Station Karajak on the: west coast, in some 
thirty-nine instances has supplied the direction of movement of 
the cirti observed. These I have plotted to forma wind-rose ( Fig. 
G),.” which shows clearly the dominance of movements from the 








Pick Oo Wind-roxe for the citti whose direction of moon was ob 
served at station Karajac, West Greenland (several identified doubiiuliy a 
cirri are meluiled), 


southwest towards the northeast, or in other words in the general 
direction toward the interior region of the Greenland glacier.” 


Tee Evovvtion ‘or THE GLACIAL BrLizzarD AND: ITS ARUPT 
TERMINATION EX FOR, 
The Sequence of Events—While there is apparently much m 
common between the Greenland and the Antarctic glacial blizzards, 


FT, Stade, Lec pp 417-441. 

{mn central Europe Hesselberg has discovered a general correspondence 
hetween the drift of the cirri and that of the low pressure areas, bet i 
view of the olwervations of de Quervain upow the stationary character of the 
depression over Baffin's Bay, it is unlikely that this conclusion can be applied 
to the borders of the inland-ice (Th. Hesselberg, “Ueber die Lufthewegung 
im Zirrnanivean und die FortpHantung der barometrischen Minima,” Heiter. 
= Physik. ofr climospliiee, Vol. 3, (oid. pp. 1s8-ons, 
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we are indebted especially to Professor David, the meteorologist of 
the Shackleton expedition, for a careful study of the Antarctic 
type of blizzard as observed by him at the winter station of the ex- 
pedition.. 1 shall here cite my earlier summary of the sequence of 
events with some personal interpretations.” 


" The sequence of events during a blizzard hegins with gentle northerly 
winds which continue for a duy or two during which temperatures are low, 
David has suggested that during this time air is flowing ‘south to take the 
place of air whose volume has heen reduced ay a result of the beat ab- 
stracted from it on the ice surface. Then there follow two or three days af 
absolute calm, darmg which the temperature continues to fall Still farther 
cooled upon the ice gurface, the air, a week or more after the calm bes irra, 
starts to move outward in all directions and so develops (an the edpe of the 
barrier) a southeasterly blizaard. Simultanconely with this movement the 
steam cap over the voleano of Erebus, which normally indicates an upper 
current from the northwest, swings roid to the north anil takes on an 
kecelerated moverment, as though it were. being drawn from that direction 
to supply wir to the void resulting from the violent surface current toward 
that direction. Corresponding to the increayed velocity, the normal fochn 
effect near the pole must be much incteased ga jt i+ ales On the tlescent of the 
surface current from the platea As soon ne the warming of the polar air 
from this cause has become general, the high air pressure «if the central area 
is Hutomatically reduces. and thus the blizrard gradually brings about ite own 
extinction, To the warming effect of ‘the lescending air current there is 
Father suddenty added the latent heat of condensation of the moisture when 
Has precipitated in the form of fine ice erystals within the ale lawere jue 
above the snow-ice surface. ‘The rather sudden termination of the Wizzard 
may be thus in part explained, David hae suggested that a “hydraulic ram 
efect* may be induced in the air of the upper currents, since the steam 
clouds over Erchas, normally the antitrades. are temporarily reversed in 
direction al the termination of a blizzard, and for a short literys! Low 
northwaril,.” 


Source of the Precipitated Snow.—The actual initiation of the 
strong wind may begin very suddenly, as has been especially empha- 
sized by Simpson and even more strikingly brought out hy Maw- 
son. Referring to the source of the moisture of the blizzard as 
the cirri, [ stated in 19st: 


"There ia, however, the probability that in Beneral this aturw ar des i. 
olltahaticn!ly melted anil Va purine curing iis descent te the plateas. snif 
subsequently congealed as i mixes with the cold air above ithe platen 

=" (haracteristics of Existing Glaciers” pp. 2-270, 

"Scott's Last Expedition,” Val. 2, p. 325. 

* Mawaan, "The Home of the Rlizzard.” Vol. 1, Chap. VII. 
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surface. This would explain the clear skiea which are ao general over bath 
Greenland and Antarctica during snows in the higher levels. It ‘is of course 
true that the fatent heat of fusion and vaporization of pee, abstracted ag it ts: 
from the air durmng ite descent within the eye of the anticycione, will 
counteract to some extent the warming adiabatic effect; and it is nol improi- 
alle that the long duration of Antarctic blirrards und their somewhat sodden 
terminations accompanied by snowfall are explained in part by the trans: 
jormations of latent and sensible heat 

”" Additional evidence for the continental ani g¢licial rather than the 
polar nature of the Antarctic anticyclone io derived from the strong blizearda 
observed at the British winter quarters on McMurdo Sound, W'hercis the 
lighter galex came from the sonthrart and indicated a contra! by local pondi- 
hon, @ blizord of the first magminde wos wo! thus influtnced and olwoyt 
suvpl doton from the sowlinersi—that iv, frown the high plateaw, and netfrom 
the pole, singe Othkerwire the earth's rofatien would hare given oan ecaalerly 
direction. When its powers beyin to wane, it is once more.controlled by local 
conditions and the wmd again comes from the southeasterly quarter.” 


Amundsen's Meteorological Records at Framheim—Hardly less 
significant were the directions of prevailing winds observed at Frant 
heim, the winter quarters of the Norwegian Antarctic expedition 
of 1910-12, when the position of the station is considered in refer- 
ence to arcas of inland-ice and shelf-ice. The great dome of inland- 
ice of King Edward Land lies to the eastward and southeastwaril 
distant only about 115 miles, whereas that of South Victoria Land 
and its extension to the southeastward, lies a number of times that 
distance away to the southwestward anil westward, Now it was 
found that easterly winds predominated (31.9 per cent. of the time), 
with southwesterly and southerly winds next in order (14.3) per 
ceent. and 12.3 per cent. respectively). Southeasterly winds were 
especially rare, and as calms reigned for a fifth of the time (21.3 
per cent.), the winds for four fifths of the period are those ac- 
counted for, Earth rotation should deviate original southwesterly 
winds into a southerly direction, and southeasterly to easterly" 

Aiternations: of Calm and Gale—The -strophie characteristic of 
the glacial Llizzard thus involves frequent alternation of calms with 
strong gales, and all systematic observations about the inland-ice 
reveal this characteristic: As already potted out, the strophic 
quality is to be expected’ from the recurring disturbance of balance 
and later recovery in opposing forces (ante, p. T88).. Below in tabu- 

“aR, Anrnumilien, “The South Pole” Vol a pp 381-382 
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lar form are set forth the percentage of calm days to all others as 
determined at several stations near the margin of inland-ice: 


Peecestace wf Cara Dares to Act Onis 
. Her (esi, 
Danmoarke-Haven, Northeast Greenland ,........-...seereass 26 
Cape Adair, South Victoria Land! .......-....2.ecccecacsene 3 
Scott's First Base, South Victoria Land**..._........-2-eeerees BY 
Cape Evans, South Victoria Land (up te 4 miles per fir, 298 
Bir OD ens seneeeskecsnaacenndecsccdssaepeaeens ae beets 
Framheim, Whale's Bay" (up to 4 miles per hir. 422 per cent.) **.. 21.3 


THe THeory of Crrcum-Potan Waters ve. Toe GLACTAL. 
ASTICYCLONES, 

Views of Ferrel and Henn—Fronm a theoretical view-point, the 
theory of cireumpolar whirls first enunciated by the American 
meteorologist Ferrel, has been a most serious obstacle in the way of 
securing a clear couception concerning the air circulation above 
continental glaciers, Ferrel’s theory assumed that strong westerly 
winds sweep about the geographic poles with increasing accelera- 
tion of velocity and corresponding centrifugal effect, producing 
polar areas of calm and of low barometer. Of the southern polur 
remion, Hunn stated as late as 1897 :" 


“The whole Antarctic circom-polar arca presents os, af already stated, 
with a vast cyclone, of which the center is at the pole, while the westerly 
winds circulate rownid it.” 


This view wat of course largely speculative, and when Bernacchi 
of the “Southern Cross” expedition had brought out on the basis 
of observations at Cape Adare the evidence for anticyclonic ennili- 
tions over the south polar regions, Haun cautiotsly qualified his 
earlier statetients in the following manner; 

“Wegener, “ Mod. om Gronl,” Vol gz, pp tas<g28. 

* Bernacchi, in Borchgrevinck. “First on ihe Antarctic Continent” p. 


ob. 

Shaw, “ National Antorctic Expedition, 190F-tfa4, Meteorol," Pr L, 
19k. 

4 Simpsem,, "Scott's Last Expedition,” Val. a: p: 320. 

“” Amundsen, “The South Pale,” Val. 2, pp, 381-382. 

oo" Handbuch der Klimatologie,’ tte aufl., Vol 4, 197, t. S43 


rots] IN AIR CIRCULATION OF THE GLOBE. 211 


“As regurds the Antarctic Anticyclone, 1 have certainly mot expressed 
myself quite clearly im my " Rlinmtologie, as-you very fairly point out. 

"Te iz certain that an srea of pressure, which ts higher than that of the 
surrounding area; lying over a clolled contment, or over any considerable land 
urea, can coexist with a gteat polar cyclone, for instance, round the South 
Pole. The very low temperature can produce in the lower strata of the 
atmosphere a pressure higher than its environments, The anticyclone, how- 
ever, must be very shallow, and at a moderate elevation the ordinary circula- 
tion Of the atmosphere must reestablish itself. ... It ia Just possible that 
further inland a slight increase of pressure might be observable. There t= 
certainly no chance of the existence of a real continental anticyclone, ma 
much as at Cape Adare the barometer falls from summer to winter."™ 


The above and later qualified statements by Hann fail to 
take proper recognition of the facts as known at the time, and in 
treatises on meteorology published within the last five years, the 
circuni-polar whirls are still treated with slight qualifications of 
statement, and as though in harmony with observed facts.” 

View of Meinardus—Probahly the fullest discussion of this 
subject is that of Meinardus in 1909, who is so firmly convinced 
that the anticyclonic conditions that were encoutered in Kaltser 
Wilhelm Land at the margin. of the inland-ice, cannot have an 
upward extension beyond 2,000-3,000 meters, that he even propli- 
esied for the interior portions of Antarctica a bare land area deste 
tute of snow." He says: 


©The elevated parts of Antarctica above 2.000-3,000 meters extend into 
the great cyclone of the polar whirl and encounter westerly air currents 
during the entire year. With this verification, which also farther can he 
supported by certain dbeervations from the marginal region, there follows 
the conclusion thai the Antarctic anticyclone coi tn general be present as 
active clement in the air circulation only.in. the lower parts of the South 
Polar region... . At the sea-level and on the borders of the inlund-ice, that 


" Letter written to Captain R. F: Seott in 1900, The Aatarctic Manual, 
IT, p. 34 

33" Lehrbnch der Meteorologic.” 2te anf, 1906, p 345; Kiimatologte, 
Vol. 4, 1908, p. 334. 

*) Moore, " Descriptive Meteorology,” toro, p. 144. Milham, "Meteor- 
olngy,” 1912, p. 162. 

MW. Meinardus, “ Meteorologicche Ergebnisse der Winterstation der 
‘Gauss, too2-03, Deutsche Sidpolar Expedition mot-o3.” Vol. g (Afeteorol,, 
lL, Volo t), p 332 €The italics are in the onginal, W. H, H.) 


212 HOBBS—ROLE OF GLACIAL ANTICYCLONE = [April as, 


ig, within the known coast areas, the anticyclonic eotditlons do. mot yet 
prevail = 

Referring 10 the observations by Captain Scott and by others 
upon the plateau back of the Admiralty Range in South Victoria 
Land, Meinardus is quick to seize upon the westerly winds which 
there prevail as evidence that the anticyclone has af these levels 
given place to the supposed overlying cyclones; failing utterly to 
note that the winds are -here blowing directly down siope from the 
ice platewu—that is, radially. Other statements in the report are 
likewise strikingly at variance with facts either known at the time 
or revealed by later exploration. 

Objective Studies by Barkow tn Antarctica —The first oppor- 
tunity to measure the upward extension of anticyclonic conditions 
over Antarctica, has been taken advantage of ty Barkow, the 
meteorologist of the Second German Antarctic Expedition: who at 
the margin of the inland-ice of Prince Regent Luitpold Land (lat. 
77 45° S., long. 34" 40° W.) sent up pilot balloons, one on February 
2, 1912, to the extreme elevation of 17,200 meters, or over & km. 
above the base of the stratosphere" These observations disclose 
the fact that easterly and northeasterly winds prevailed at the time 
of observation in all levels ap to the ceiling of the froposphere,”* 
whereas with the beginning of the stratosphere, where at an eleva- 
tion of g,o00 meters the wind turns suddenly through an angle of 
1o* and blows steadily from the southwest. Lf, as is probable, the 
margin of the continent corresponds to the margin of the inland-ice 
dome, these observations considered with due regard to the known 
deviation Indicate an anticyclone fed by currents shove the tropo- 
sphere. Barkow calls attention to the speculations of Meinardus 
above referred to, and shows that they are controverted ly the re 
sults of his observations. 

Loe p. 233. Hardly in harmony with the facts known at the time, 
Aine easterly winds, and not westerly, are here the rule (ef. “ Existing 
Glaciers,” pp, 2fy-265, and ante, p. ir). 

Lc. p34. 

7E Barkow, “Vorlinhger Bericht ther die meteorolagischen Heob- 
arhtungen der deutschen antarktischen Expedition, IgTt-12" Ver. db 


Preuss. melvor. Inst, No. 265 (Abh. Vol. 4, No. 11), 


: Berlin, sor, 9a, <1. 
The italics are mine—W_ H, 4. at TPF 
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Barkow also carried out kite and balloon ascents, of which 2 
proportionately slight per cent. only failed to show strong mversions 
of the lower atmosphere, these inversions being proportionately 
both strong and frequent during the winter season. The entire 
lower layer of 2,000 meters height was shown to have an average 
higher tetiperature than the lowermost layer, the temperature rise 
from the bottom being often as much as 10° C., and in one instance 
19.5° C, In the spring season an alternation of inversions (Blatter- 
stroktur) was observed, 

De Quervain's Studies in Southwest Greenland—No {ess de- 
cisive in showing the absence of polar whirls are conclusions to be 
drawn from observations on the borders of the inland-ice of Green- 
land, At a mumber of stations on the west and southwest coasts 
ranging between latitudes Gy* and 69°, de Quervain and Stolberg in 
jog conducted ascents of pilot balloons dluring the spring and early 
summer, carrying their observations to extreme heights often. in 
excess of 10,000 meters (634 miles) and in one instance of 16,000 
meters, In 1912 Drs, Jost and Stolberg supplemented these ob- 
servations by a second series carried out through the winter season, 
with results concerning which only a preliminary statement 15 4s 
‘vet availalile.™ 

As has already been explained, the prevailing surface currents at 
these stations are controlled by the Greenland anticyclones and blow 
from the southeasterly quadrant, though with considerable: modh- 
fication hy loeal conditions below the level of 1,060 meters, On 
the basis of his balloon observations, de Quervain has declared that 
“at least in greater elevations a polar whirl which is in any degree 
unified and connects the different low pressure regions of the cir- 
cumpolar latitudes, can, for the time of our observations in Green- 
land and teeland, not be thought of." This conclusion was later 
extended to the remaining portion of the year, a3 clearly stated in 
the preliminary announcement of the results of the later series of 
observations. . 

A. de Qivervain, “ Gleichecitige Pilotaufstiege in Westgronland tnd 
Islund, Veranstaltet durch die schweizerisch-deutechen Gronland-cxpedition 
iid das dinische meteorologische Institut,” Aer. 2 Physth d. fr. limos 
flare, Vol 5. 1913, po 1-18, 

aA. de Quervain, “ Quer dutch Grontandeis, Die achweirerische Gron- 
land-Expedition 1yi2-13," Munich, igi4, pp. 196, ple 15, figs. 47 and map. 
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Distribution. ef Air Circulation in Successive Levels ot the 
!nland-Ieé Margin—De Quervain's data upon wind direction are 
$0 vitally important as to merit some further consideration, particn- 
larly as regards the distribution of cireulation within the different 
levels; and I have therefore used them to plot the wind-roses for 
each of the following ranges of altitude: o-1,000 melers, 1,000- 
3,000 m., 3,000-5,000 m. (also separately 3,000-4.000 mi. and 4,000- 





Pi 7, Wind-roses to illustrate the prevailing winds between the level 
indicated at stations on the wesy and southwest coast of Greenland (from 
data ty de Quervain), 


5,000 m,), 5.000-7,000 m.,, 7 OO-9,000 1), and 9,000—1 1.000) pn. 
For the lower levels between 40 and 58 ascents were available, 
whereas above 9,000 meters there were 1 3.and less, The wind- 
roses have been plotted with Weighting for wind foree 5 tps. 


counting as one unit and the nearest unit heing taken). Wind 
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velocities Jess than 5 m-p.s. were disregarded. The results, which 
are set forth in Fig. 7, show that below an altitude of 1,000 
meters the wind, usually of low velocity, is notably variable and 
controlled by local conditions. At the level of 1,000 meters the 
outward flowing currents make their appearance m force and con- 
trol the circulation up to an altitude of between four and five kilo- 
meters, above which level inward blowing currents from the south- 
westerly quadrant are of equal frequency and of about the same 
force as the outward blowing currents from the southeast. The 
clockwise deviation of currents in the anticyclone lead us to suppose 
that the outward blowing currents start from the mterior tn a more 
easterly direction, and that the inward blowing currents trom the 
southwest are almost directly opposed, when they arnve in the 
‘interior. 

The observations of Wegencr made with kites and captive 
balloons in northeast Greenland, were not generally carried above 
an altitude af 2,000 meters, though in a few instances consitlerably 
higher. ‘They agree among themselves and with those from west 
Greenland, in showing the presence of relatively variable winds up 
to about a thousand meters altitude, where these currents are re- 
placed by the strong winds coming down the slope of the inland-ice 
and increasing in force and in clockwise deviation as one ascends 
to the limits of the observations, While they are therefore of great 
interest in revealing the strength and the upward extension of the 
glacial antieyelone, they Have less direct hearing upon the question 
of creumpolar whirls.” 

With the above data of Barkow and de Quervain before us, it 
seems that the time has arrived for Inying the specter of the circum: 
polar whirl, and of returning to an objective basis of reasoning. 


Wises Anovut THE Marcin or rae Ixcaxp-Ick as a MBASURE OF 
THE Vico of THE ANTARCTIC ANTICYCLONE. 

The Zone of Control off “ Wilkes Land.”—The vigor af a glactal 
anticyclone may be measured, tipan the one hand, by its extension 
upward from the glacier surface, as has been considered in the last 
section, Upon the other hand, it may be possible to use the exten- 


© Werner, “ Drachen- und Fesselhallonaufatiege,” ete: pp. 55-59 
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Sion of its circulation outward beyond the glacier margin as an inde- 
pendent measure of its energy. This latter line of inquiry is a 
particularly fruitful one, for hitherto there has been a general 
tendency to delimit the zones of wind within the Southern ocean in 
terms of parallels of latitude.* Some years ago under the strong 
impression that the vigor of the Antarctic anticyclone should domi- 
hate within an extra-marginal zone upon the sea, I plotted the wind 
observations regularly made by the Wilkes Exploring Expedition ;* 





Fo Map of as portion of Antarctica on which the wind lirections 
recorded by the Wilkes Exploring Expedition have been plotted, hut with the 
Margins of the continent corrected so as ty accord with Mawson's map, The 
orrous point io the seind quarter. | 


but was puzzled to find that, whereas there was evident control ley 
the anticyclone within a zone several degrees in width for all points 
to the westward of long, 150° E., this dil not hold for the eastern 
portion of the route. Now that Mawson has ilefinitely shown" 
Wilkes to have been in error in locating the margin of the con- 
tinent for that portion of his route to the exstward of longitude 
150° E., the apparent lack of harmony which I encounterei! ta suff 
mf, for example, Meinardiva, |. 


fe Wilkes'a Exploring Expedition,” Vol. t (Meteorology), pp. 272-206: 
MS Gtogr. Jour. Vol. 44 (September, 1914). pp. 2e7-ohy), 
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ciently explained. As will be readily seen by reference to Fig. 8, 
wherever Wilkes was within about three degrees, or some 200 miles, 
of the inland-ice, the prevailing westerly winds were replaced by 
southerly and southeasterly ones blowing off the ice. Mawsan's 
own oliservations leave us in no doubt whatever that this rule of 
contro! holds for those margins of the continent which he explored 
to the eastward of longitude 150" E. 

So apparent is the zone of control limited to a helt of 200 miles 
breadth, at the time of year when Wilkes made his observations, 
that the winds within and those without this zone for several de- 
srees further, have been plotted in separate roses with results shown 
in Fig. 9. 





Fie @ Atothe left: wind-rose leased upon Wilkes's oliecrvations at 
points distant lees than soo miles from the inland-ice: and, at the right; wind- 
rose for a mime geveral degrees in width lying immediately outside the cone 
of control. 


Capt. Davis of the Australian Antarctic Expedition cites-an m- 
teresting incident in the voyage of the Aurora off “ Wilkes Land” 
which indicates he was at the margin of the zone of control."” 

The wind observations made by the “ Challenger Expedition” at 
points which we now know to have been near the mland-ice,” are 
confirmation of this conclusion that the effect of the anticyclone 
extends outward from the margins. Had the observations been 

fa Home of the Bligard, rol 2 p 40 

"5 Challenger Reports, Summary of Results. First part, chart 23- 
those of the first German expedition in 1901-03," offer valuable 

WW. Meinardus,” Dentiche Sidpal-Expedition rmot-og." Vol.4 (Meteor, 
Vol, 2), pr Ia-319. 

PROC. AMER, PHIL. 500, LIV, 215 0, PRINTED AUG, 9, 1975. 
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taken in the winter season, it is well nigh certain that the zone of 
control would have been found much wider. 


EPrect or THE GREENLAND AnTicycionE Upox Muicratixe 
Crctonic Derressrons. 


Supposed Passage of Cyclones Across the Continental Glacier of 
Greenland.—A question which has been raised in connection with 
the Greenland continental glacier concerns the interaction of the 
glacial anticy¢clone and the migrating eyelones which have been supe 
posed to move in toward the continent. Upon this assumption it 
might be held, upon the one hand, that the cyclone temporarily 
overwhelms the anticyclone, and “ springing over it" continues upon 
its course; or, upon the other, that the cyclone is extinguished by 
the greater vigor of the anticyclone, Evidence which is now fast 
accumulating shows that, if the cyclones really advance toward the 
anticyelone, they are at least halted at its Margi, and that both 
become parts of a system of exchanges planetary in its scope, 
There is, however, upon. the assumption stated the possibility that 
an especially vigorous cyclone in approaching the Greenland <oast 
during one of the weaker stages in the anticyclonic strophe, may 
make its influence felt not only upon the near side of 
but beyond it as well, 

Noausen's Observations—Nansen’s conclusion after his crossing 
of Greenland was, that “the plateau seems to be too high and the 
air too cold to allow depressions or storm centers th Pass across, 
though, nevertheless, our observations <how that in several ‘in- 
stances the depressions of Baffin’s Bay, Davis Strait and Denmark 
Strait can make themselves felt in the very interior, We experi- 
enced, also, one instance of the crossing of a depression in the 
storm center which passed over us on September &. This must have 
been, according to Professor Mohn, a secondary depression which 
lay over Baffin's Bay some days before" This was, however, in 
latitude 64° where the inland-ice ig extended southward ina rela- 
tively narrow tongue. According to de Quervain on lint one ocea- 
sion during the period of his observations on the Greenland west 


“" Porat Crossing of Greenlaml." Vol. 2 40h, 


the anticyclone 
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coast, was there “an approximation to establishing” a relationship 
between an extremely rare northwest wind in the upper levels and 
a deep low area which lay over the Greenland Sea.** 

The High Pressure Storms and the “ Tauben™ Depressions 
Registered af Danmarks-Haven—In connection with the series of 
continuous meteordlogi¢al observations made at Danmarks-Haven 
in northeast Greenland, Wegener found that while low pressure 
areas of normal character arrived at the station, they appeared to 
proceed from the area of the Greenland Sea: and in the absence of 
parallel observations, he asstimed from the southward. The great 
storms came with an expansion of the high presstire area lying 
above the continent—so-called “ high pressure storms.” During the 
two years over which the observations extended, there passed over 
the station on two occasions (October and January), what Wezener 
has called “tauben’* depressions, On these oceasions the barom- 
eter took a deep plunge with reverse movement, as it does during 
the passage of a tropical cyclone: yet there resulted neither pre- 
cipitation of any kind nor any wind worthy of mention. This 
rather remarkable phenomenon Wegener has sought to explain as 
due to a cyclonic movement which has “ sprung over” the anti- 
cyclone above the inland-ice, and in so doing has been robbed of its 
moisture,” and also, it would seem, of its circulation, 

In view of all the facts, there is reason to doubt that " low” 
areas ¢ver get across the larger domes of inland-ice; and the storm 
paths which Vincent has drawn across the continent of Greenland 
as though it were an expatise of od¢ean, should be accorded little 
weight, though it would seem that Wegener has been somewhat 
influenced by then,” 

“De Ouervain, “ Gleichzeitige Pilotballemasifstiege, ete” p. rgb 

"Perhaps best translated, “barren, or “ sterile.” 

™ A. Wegener, “ Meteoral, Terminbeoh, am Osnmarke-Hayen,” pp. 328, 

E Vincent, “Sur ta: marche des minima haramétriqiues dans la région 


polaire arctijue, dit mois de septembre 1882 au ticis Vaode 1883," Mem, de 
Focdd. Noy, de Belgique, spio, 
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Tue Fixep Low Pressure Apneas Marocinat to THE LNLaxn-Ice 
MASSES. 

Antarctiea—The Filchner expedition seems to have established 
the fact that a fixed cyclonic depression liey off the border of the 
Antarctic continent covering the indentation of the Weddell Sea. 
In the light of this discovery it now stems highly probably that a 
similar fixed depression. lies above the indentation of the Ross Sea 
on the other side of the Antarctic regions and in nearly similar re- 
lationship to the inland-ice on either side.™ 

Greenland—lt is well known that a fixed low which is espe- 
cially marked in the winter season lies off the southeast coast of 
Greenland, usually assumed to wrap itself about Cape Farewell jn 
the form of a crescent, and extends northward into Davis Straits." 
Recent studies of the free atmosphere by de Quervain at vanous 
‘points on the west and southwest coasts of Greenland indicate that 
4 stationary area of low barometer (probably continuous with this) 
extends northward in Baffin’s Bay as far at least as Disco Istanil.™ 
The simultanemis studies carried out with pilot balloons at Akureyti 
in Iceland, indicate clearly that a stationary depression fies over the 
Greenland Sea to the northward of Leeland and between the Green- 
land and Normvegian coasts." The Danes from the journeys of 
bottles set adritt dunng the expedition of 1908-08, determined! that 
the currents within this sea are such as would indicite 4 stationary 
cyclonic, since movements were southward along but off the Green- 
and coast until near the latitude of leeland, where they are de- 
fiected castward and later northward so as to follow the trend of 
the Norwegian coast." Thus about both the glacial anticyclone 

mL «, 

1? See RF. Scott,“ Voyage of bs a iaey nt ith re... 
nacchi, “To the South uke Holes ek wy “f Bnne: Sata 
Explorations,” New York, 911, p. (87; Simpyon, “‘Soott's Last Expedition,” 
Vol. 2, p. 324. 

Teh, tor cxample, Herghous, “Atlas | Mit ne : 

mA. de taser, = Gleichseltige: Pilothallonsataiere i Wea 


wie Tstand,” Beitrage x Physi. de Freiem cltmusphare, Vol si po te: 
de Qvervain, Lic p. igh . 1 Se PS 
TTALE ‘Trolle, “ Danmark-Ekspeditionen ¢il Grontands Nordosikeyd. root 
. 4 ar Lea ilar ss f t, 2 
of, under ledelse af Lo Mylins-Erichsen,” Med. om Groui,, sores an 
“See also, Sir John Murray and Dr. J. Hjort, “The Depths af the Ocean.” 
London, I19t2, p. 284, abate id 
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froups it would now appear that the stationary “tows” are located 
where land barriers oppose a progressive movement. 


Tue Réce or tHe Gracia Axticyctoxes or Hica Latirenes 1s 
THE GENERAL Atk CrecuLation, 

Circulation is Through Cyclones and Asticyelones, Not Merely 
Within Theom—In an earlier section it has been shown how the 
preconceived notion of 4 polar cyclone, the circumpolar whirl, has 
held back the advance of knowledge where the polar regions are 
concerned: and how this theory has now teen effectually disposed 
of by the observations of de Quervain, Stolberg, Barkow and others. 

The progressing cyclones within the atmosphere were by Ferrel 
assumed to be symmetrical in theit distribution, with warm upwaril- 
moving central portions and cold margimal rims; to circulate the 
same boily of air which repeatedly passes through certain paths: 
and to have their origin in areas of excessive local insolation. 
Instead of being symmetrical, as has now so generally been as- 
sumed, the study of isotherms in connection with cyclones has 
shown that these lines usually trend in the United States from 
southwest Lo northeast, crossing the cyclone hy quite regular paths 
instead of being circular about its center. The evidence derived 
fromm international cloud observations would seem to show that the 
eyclone isa form of circulation through which fresh portions of 
the atmosphere eontinue to stream; and both cyclones and anti- 
cyclones are to be regartled as eddies which at the surface of the 
earth have cach a hot and a cold side. The same air streams 
through both, its progress when projected upon the earth's surface 
being a sinuous line | 

Belts of Progressing Cyclones and Anticvelones about the Ant- 
arctic Glacial Anticyclones—The southern hemisphere, being less 
invaded by the continents, offers for the purposes of study some 
advantages on the site of relative simplicity, and it has in its 
meteorological aspects heen recently comprehensively treated by 
Lockyer,” who has taken full account of the results of Antarctic 

OW. J. S. Lockyer, “‘Sintthern Hemisphere Surface Air Circulation," 
ete, Solar Physics Committee onder direction of Sir Norman Lockyer, 
London, (910, pp. 109, ple 1. 
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explorations and ins endeavored to show the conjugate relationship 
of the Antarctic anticyclone area with successive zones of cyclones 
and anticyclones which migrate in an easterly direction around it. 
Thus it is found that between the low pressure zones lying within 
the tropics, and the fixed high pressure area above Antarctica, there 
are centered near the latitude of 40° S.. a series of broad anti- 
cyclones which progress eastwardly and produce the effect of a 
zone of mean high pressure. To the southward of this series of 
anticyclones and centered near the latitude of Go" S., thete are a 
series of more vigorous cyclones of sinaller diameter but progress- 
ing eastwardly at about the same angular rate. As we now know 
from later observations, the stationary cyclones lying over the 
Weddell and Ross Seas, establish further connection with the anti- 
cyclones above the Antarctic continent. 

The cold outward flowing currents from the Antarctic conti- 
nent wpon reaching the zones of progressing ecvelones are believed 
by Lockyer to ascend in them upon the west side, thus accounting 
for the cold western half of these cyclones near the ocean fevel. 

The Australian Antarctic Expedition appears now to have Sup 
plied the evidence for such a rise of the air at the southern Maren 
of the progressing cyclones near the borders of Adelie Land. As 
Mawson. puts it: 





“It appeared as if we were: situated on the battlefield, so to apeak, af 
opposing forces. The pacific infliuetice of the ‘north’ would hold iway for 
a few hours, a whole day, or even for a fey lays. Then the vase tnergies 
of the “south” would rise to tlie bursting paint and = “through blizzard * 
wold be the resnit.” 


At this junction zone of the glacial anticyclone with progressing 
cyclones, the air rises to produce rotating cumulus clouds, 
seems not unlikely that the interesting “ whirlies" 
with this uprise.®® 

The air having ascended in a evelone uy its journey northward 
toward the equator is believed next to pass downward through the 
progressing anticyclones to the northward, and to reach the ocean's 
surface as the warm current on the west side of these eddies. 

TOW. J. Humphreys, “ On the Physics of the Atmoiphere.” Sone. Frank= 


lin. Inst, 1013, pp. 222-224, 
7 Mawson, “ The Home of the Plizzary “ar 


and tt 
are connected 


ol. 2, pp. 17-8 (fig). 
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Mawson's demonstration through wireless communications that the 
hurricanes of Adelie Land preceded by some 48 hours the arrival 
of storms at the Australian south coast, would seem to support 
strongly this view (Fig. 10}.™! 





Fis, 10. Map to illustrate. the prevailing atmospheric conditions to the 
southward of Australia (compiled from mapa.by Lockyer and Mawson). 


The Réle of the Glacial Anticyclones in the General Air Circu- 
lation fo Draw Down the Air af the Upper Stratum in the Tropo- 
Sphere and to Direct it Equatorward—From these geographical 
relationships it appears highly probable that the glacial anticvelones 
above the inland-ice masses stand in a definite conjugate relation- 
ship to stationary cyclones above embayments of the continent. 


“Ct, also, “The Home of the Blizzard.” Vol. 2; fig. opp..p. rat. 
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The glacial anticyelones of Greenland and Antarctica through draw- 
ing down of air from the upper levels and as a consequence of a 
throughout centrifugal surface circulation, are a very important 
factor in reversing the high poleward currents within high latitudes 
and directing them equatorward, The source of energy which 
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Fit. (¢) Workd map to show the present position of the earth's 
wind poles where the air of the Wiper étretum within the troposphere te ia 
large part returned to the aurfoce ig ulnctal anticyelanes, ‘thy World map 
fo show ihe corresponding wind poled of thr Meistorene poring, a 


maintains the whole system in motion, is of course the sun's heat 
concentrated within the tropics and in large measure absorbed over 
the continental glaciers (Fig. 11a), Jt is to he assumed that the 
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uplands of northeastern Siberia, the smaller masses of inland-ice 
within the Arctic region, anid in fact any area where heat radiation 
is large, contribute in lesser measure to draw down the upper air 
currents and reverse their direction. It is the umbinderéd radiation 
of «desert areas which is responsible for the anticyclonte conditions 
over them in the winter season. Abnormally high insolation in 
the summer season may, however, overbalance this effect and pro- 
duce cyclonic effects. The moisture locked up in the ice needles 
of the crm and related cloud forms above those areas of ocean 
where evaporation is large, is thus returned to the earth and espe- 
cially within the glacial anticyclones. Of this moisture a portion 
is added to the glacier mass, but at the present time a much larger 
portion is: hlown off the glacier surface into the sea and so returned 
to its source in the waters of the ocean. 
Untvensity oF MictticaN, 


Ans Agmon, 
March t3, 1015. 


THE TEST OF A PURE SPECIES OF (ENOTHERA.:' 
By BRADLEY MOORE DAVIS. 
(Reod April 23, rore\ 


There is probably no group of plants the genetic behavior of 
which has received so much study as the species of CEnotheru. No 
group of plunts is more prominently before the attention af experi- 
metital plant morphologits, and yet to many botanists it may appear 
that no group has yielded less of satisfaction. Among the workers 
with these forms there is the widest divergence of opinion, and of 
general conclusions there is little to show for the time that has 
passed since the appearnnce of “Die Mutationstheorie" in 1901 
and the many years of study that De Vries devoted to the group 
previous to this date, 

Can we find the point around which the difficulties cluster most 
thickly or from which the varied interpretations diverge most 
sharply? And, finding such -a pomt can we formulate lines of 
experimentation that may clear the confusion of assumptions fron 
which the various workers have proceeded to follow the lines of 
study that seemed to them to leadl towards the light? To the 
writer the center of the difficulties Ijes in the fact that we have na 
accepted tests for the genetic purity of an (nofhera species. 

By the genetic purity of a species we mean such a constitution of 
the germ plasm that a form is able to produce gametes of one type 
only for each sex. That is to ¢ay all male gametes of the form 
should have the same germinal constitution and thus be physto- 
logically and morphologically equivalent. and all female gametes 
likewise should be of the same type. The male and female gametes 
may, however, differ in their respective effects upon the characters 
of a succeeding generation as shown by the marked differences 
exhibited by certain rectprocal crosses, for example, the reciprocals 
between Srennis and meuricata, or between biennis and franciscana 

1 Genetical Studies on (nothea—VI 

ooh 
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(De Vries 13, Davis 14). The zygotes of a pure species must 
be uniform since the gametes of each sex are respectively similar, 
and a pure species, to employ that convenient expression of 
Bateson’s, is therefore homozygous: 

Tt has generally been held that no further proof of the genetic 
purity of a species is necessary than the established fact that it will 
“breed true,” and I venture to believe that at present most workers 
among the onotheras regard this test o5 entirely sufficient to establish 
the character of any material with which they work, If any line of 
CEnothera breeds trie m large cultures it is confidently regarded as 
homozygous. Should a line fail to breed trie to any considerable 
degree it is stamped as a hybrid if the investigator inclines towards 
the methods of analysis characteristic of the Mendelian school, 
Those who believe in mutations are so fully content with tins test 
that to them a form need breed only reasonably trie to pass as a 
pure species and the departures from the type, called miutatiors, are 
interpreted as due to modifications of the germ plasm not, however, 
the result of hybridism. 

If a line of CEnothera fails to breed true to a very considerable 
degree and thus becomes. suspected of a hybrid constitution, few 
workers would think of using it as favorable material for experi- 
mental studies to test the mutation theory, It is the lines which 
breed reasonably true that chiefly form the subjects of Gnothera 
distussions with reference to the theory of mutation. Such a line 
is the Lamerckiana of De Vries’s cultures which when grown in 
large numbers in selfed families appears uniform except for certain 
stall proportions of individuals, “ mutants,” which standout clearly 
from the mass with distinctive characters that are readily recog- 
nized and may be clearly described. It is important to note that 
these new types are not connected by intergrading forms with the 
parent Lamarchiana and that they appear in successive generations 
of Lamarckiana with certain degrees of regularity. 

More impressive than this history of Lamarckiana which has 
flowers open-pollinated, and consequently likely in Nature to have 
been crossed by insects, is the behavior reported for certain lines 
of GEnothera with flowers close-pollinated in the bud, a condition 
that obviously gives their own pollen the first chance to function and 
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thus greatly reduces the probabilities of cross-pollination. Such o 
plant is the biennis of Holland and other parts of Europe, a type of 
especial interest not only for its clear morphological characters hut 
also becansge there is good reason for believing the line to be very 
ald. This plant forms a large population in Holland with no near 
relatives and nrust have liver there for many years to have so thor- 
oughly established itself. Indeed it seems probable that this 
(Enothers, the Dutch bienmis, has came down to us essentiilly un- 
changed from the times of Linnaeus who gave us its name. We 
know of no phint better representative of 8 species of (Enothera 
and we knew of no CEnothera which better satishies the generally ac- 
cepted requirement that-a species should "breed trine” 

(Enothera biennisL.. im large cultures comes so true that huon- 
dreds of plants may be grown without finding a single departure 
from the type. Yet Stomps (14) in large cultures of selfed lines 
from a single wild plant collected tn 1005 discovered that this Dutch 
biennis throws occasional marked variants (“ mutants") and he de- 
scrilied a bicnnis semi-yigas with the triploid number of chronin- 
somes (21), a dwarf type biennis manella, and a color viriety 
biennis sulfurea with pale yellow petals. De Vries ('r5) at once 
took up the study of certain of the- lines established by Stomps and 
grew cultures which totaled 8.500 plants. Among these were 4 
plants of btennis seme-gigas about 0.05 per cent., 8 plants of bienwnts- 
nanelle about 0.1 per cent., and 27 plants.of biennis sulfurea aliout 
0.3 per cent. Since the percentages from Lomarékiana are for 
semi-gigas 0.3 per cent. and for nanella + to 2 per cent. it should be 
noted that with respect to these “ mutants" biennis appears to he 
the more stable of the two species, although the color variety brennig 
gulfurea constitutes 2 mew type of variant in experimental studies 
on enotheras. A culture of over 1,000 platits from selfed seed of 
hiennis sulfurca, all with pale yellow flowers. produced 2 dwarfs 
thus establishing:a “double mutant 0. hiennis nuit. sulfurca mut, 
nanella 

As evidence for the mutation theory of De Vries this behavior 
of the Dutch dremms is to the writer much more trustworthy evi- 
dence than the behavior of Lamarckiong for the reason that the 
latter plant m his opinion docs not have a clear record of borage 
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existence, atl probably is a form of comparatively recent origim- 
De Vries ('15, 2. 173) hus asserted again most vigorously his belief 
that Lamarckiana may be identibed with a specimen from the United 
States collected by Michaux and now in the collections of the 
Museum d'Histoire Naturelle in Panis (De Vries, ‘14).. With this 
view | cannot accord for reasons recently published (Davis, ‘15q). 
The showing of “ mutants" from CEnothera biennis can hardly be: 
considered very encouraging for the mutation theory of orgamic 
evolution when it is remembered that bicanis semi-gigas 13 self 
sterile, that Dienmiz:nanella ta frequently weakly or diseased, and 
that biennis sulfarea is clearly a cetrogressive type having lost the 
power of producing normal yellow flowers. 

Althongh ©: biennis of all the wnotheras brought into the ex- 
perimental garden still seems to me the form most free from sus- 
picion of gametic impurity, nevertheless the line of Stomps has not, 
st) far aa we know, been subjected to the tests of a pure species Sumi 
tiarized at the conelusion of this paper. De Vries ('15, p. 173) ts 
mistaken in quoting me as conceding for this species a pure onmgnt. 
t repird it simply as the safest material yet known on which to 
conduct studies in mutation, and with which other forms: may: be - 
crossed) to determine by the constitution of the F, hybrid genera- 
tion whether or not their gametes are uniform, [f in such a breed- 
ing test the F, progeny fall into two or more classes the assump- 
tion is. justified that the form crossed with diennis must produce 
different classes of gametes. If the F, hybrid generation is uniform 
then it is clear that the funetionmg gametes male:and female are 
respectively uniform. The fact that Lamarckiana crossed with 
biennis produces the “twin hybrids” facta and velutina is, as has 
frequently been pointed out, one of the most important facts favor- 
ing the hybrid nature of Lamarckiana, It seems to me not improb- 
able that other species of CEnothera will eventually be isolated more 
stable than the Dutch biennis. 

Some exceedingly interesting observations have recently been 
reported by Bartlett ('15 a, b,c) on the behavior of certain small- 
flowered, self-pollinated American omotheras. When grown in 
selfed lines these forms exhibit a behavior similar to that of 
Lamarckiana and biennis in throwing off in successive generations 
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certain new types. Thus from one of the species, (Enothera 
stenonieres, A mutant oigas appeared with the diploid number of 
chromosomes, and from another species, O. Reynoldsii, certain in- 
dividuals throw from 60 per cent, to 8o per cent. of dwarfs: It is 
too early to discuss the remarkable peculiarities of these forms since 
the material of Bartlett has not yet been tested for its purity along 
the lines presently to be discussed. Bartlett regards the new types 
as “mutants " in the sense of De Vries. The important point for 
our consideration at present is the fact that these wild plants ap 
parently continue to reproduce themselves from generation to gen- 
eration even whilt giving rise to the new forms. | 

With respect to the taxonomic status of the plants which we 
have just considered the writer sees no alternative but their recogni- 
tion as clear species. The Lamarckiana of De Vries, the biennis of 
Linneus, and most of the types which Bartlett has segregated from 
the American wild anotheras breed true as to the mass of their 
progeny, What further qualifications can taxonomty in reason de- 
mand? Species they are by virtue of their morphology and hy the 
test of the experimental garden which shows their characters to be 
stable to an extent that renders it certain that each line self-pal- 
linated will maintam itself unchanged, indefinitely as far as we ean 
see, through successive generations. 

The argument that will follow as to the genetic constitution of 
these specics of Gindthera doce not in the least affect the matter of 
their recognition in taxonomy as species. Tt may be prefaced by 
two questions stated as follows: Are the types pure species, homo- 
zygous because the plants develop mule gametes of one type only 
and because their female gametes have a uniform germinal constitu. 
tion? Or, are the types heterozygous developing different types of 
male gametes and different types of female; briefly expressed have 
they in some degree-a hybrid constitution? 

But it will at once be asked, how can a species he hybrid even 
to a small degree and yet breed as true as do these forms under 
consideration? Where in their behavior is evidence of a hybrid 
conshitution stich as might appear in the splitting off of numerous 
different forms varying from the parent type, some in emall degrees 
and some in larger degrees? Where is evidence of an orderly segte- 
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gation of characters such as has been demonstrated by the Men- 
delian research of recent years? To these questions it must frankly 
be answered that only here and there are glimpses of situations 
which may possibly be interpreted in terms of Mendelian analysis. 
For example the characters of the "mutants "-are frequently clearly 
retrogressive which indicates that gametes are formed lacking cer- 
tam factors and suggests phenomena characteristic of segregation 
from heterozygous stock and very common in’ Mendelian behavior: 
Again, the repetition of the same “mutants” in a series of genera- 
tions suggests a mechanism of precision such as we have come to 
associate with Mendelian inheritance. It is not, however, my pur- 
pose to argue al present this phase of the discussion for the experi- 
mental data before us is notin such shape that it can be handled to 
the best advantage. We admit that the “mutants” themselves do 
not establish their parents as in their nature hybrids, Lf they did 
there would of course be no discussion, 

Under two conditions and apparently two only can a hetero- 
zveos species be conceived as breeding true. 

First, if of the varied possible types of pametes only such unite 
and produce fertile sygotes as will perpetuate the same germinal 
constitution as the parent, then from such zypotes a heterozygous 
line might continue indefinitely as an impure or hybrid: species. 
Under such conditions gametes which might in varied combinations 
give a series of different forms (segrerates) are cither not matured 
or if matured fail to function, Some degree of pollen and ovule 
sterility must he expected as the result of such conditions. 

Second, it of a varied assortment of zygotes formed by the 
union of different types of gametes, only those develop which have 
fhe germinal constitution of the parent then again a heterozygous 
line might continue indefinitely and constitute a species, although 
impure or hybrid in its nature. Since all of the zygotes which re- 
sult from other combinations of gametes either die or fail to develop 
beyond some early stage in the life history this condition would 
result in some degree of seed sterility or in the production of weak 
plants that muet soon perish. 

Now the cenotheras as a group exhibit a very remarkable amount 
of pollen sterility and also a high degree of ovule abortion, and 
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these plants frequently give extraordinarily low yields of tertile 
seeda although seed-like structtres may be formed in abundance, 
These facts we are just beginning to appreciate as offering prob- 
lem for study, They seem to the writer of vital importance {to 
the discussion of (Enofhera genetics, facts which the Mutationists 
cannot ignore and behind which the Mendelians can mmuintain at 
present a very strong defence for their interpretations of the pecull- 
arities of Gnothera behavior. 

With respect to pollen sterility it has for many years been 
known that Lamarckiona and other species of CEnolhera present 
large proportions Of abortive pollen grains; Bateson (1902) carly 
seized on the point and suggested that the high degree of pollen 
abortion in Lamorckiana-indicated a hybrid plant exhiiiting partial 
sterility, Geerts ("O9) in an excellent account of the cytology of 
Lamarckina showed that approximately one half of the pollen grains 
fail to mature and that one half of the ovules fail to develop em- 
bryo sacs. Geerts (69, p. 89) also made an examination of more 
thon one hundred species of the Onagracex, giving us the condi- 
tions of pollen and ovulue fertility represented in some: Hiteen 
genera. He found generally in species of (Enothera aml allied 
genera a degree of sterility similar to that in Ginothera Lamareki- 
ang, about 56 per cent. for both pollen and ovules. On the other 
hand certain species of Jussiena, Zauschneria, Emlobium, Boirdy- 
valio and Lopesia are wholly or almost wholly fertile. 

My own examination of conditions im the material of CEnothera 
with which in recent years | have worked has shown some reriarl- 
able differences m the amotint of pollen and see! sterility. Such 
elose pollinated types as the Dutch biemnis, he Dutch muricata, 
American muricita (from Woods Hole), Tracy, and a number of 
American <emall-flowered species (for example biennis A and biennis 
TD) of my cultures (Davis, "tr, p. 197 and “1a, p, 38%)), have very 
large amounts Gf sterile pollen. In the case of the Dutch meuricafa 
much more than 50 per cent, of the pollen has beet sterile, Yet 
these are types which by virtue of their long history of close palli- 
nation might be expected to be among the porest of the species. 
On the other hand the race grandiflora B (Davis, ‘141, p. 203), and 
the western species franciscana aml cenusta. all open pollinated 
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species show hardly more thati a trace of pollen abortion, and 
James irom Texas oniy a small amount of sterile pollen. I have 
this winter tested the seed fertility of some of these species by ger- 
minating the seeds in Petri dishes after the method recently de- 
scribed (Davis, 156). The Dutch birennis gave a germination ‘of 
about 96 per cent., the Ditch mmricata about 72 per cent., grandi- 
flora B abit 95 per cent., franciscana about 6) per cent., vennsia 
about 87 per cent. and Jamesi about o1 per cent. 

It is interesting to note in the above list that the Dutch biennis 
with its very high percentage of fertile seeds (96 per cent.) has 
extensive pollen abortion and the Dutch mwricafa with seed ger- 
mination of about 72 per cent. has an even lower degree of pollen 
sterility. On the other hand there are species of (Enothera with 
both high seed and pollen fertility as illustrated by some races of 
grandiflora, venusta and Jamesii, I was especially interested in 
the conditions shown by my race grandiflora B with its almost per- 
fect fertility both as to potlen and seeds. ‘This race isolated from a 
collection of mixed seeds gathered by Tracy in 1907 at Dixie Land- 
ing, Alabama, has always: seemed to me to present a type of wmusnal 
purity, The line was started in 1908 by a ersss of two similar 
plants (Davis, "11, p. 203) representing the broader-leaved forms 
of grandiflora that were present at Dixie Landing and I have grown 
in small cultures several generations of the plant without noting 
departures from the type. I cannot accept the criticism of De 
Vries (14, p. 348) that my race grandifiora TD is impure hecause 
from the same collection of mixeil seeds of Tracy's he obtained a 
diversified culture as 1 also reported (Davis, "11, p. 203) when the 
line was first isolated, and because De Vries and Bartlett found 
the Dixie Landing station ““ilesolate " five years after the visit of 
Tracy. This type may prove to be nearer to the desired pure spe- 
cies than the Dutch diennis. 

Jeffrey in recent papers ("14a, 14), 15) has taken the position 
“that in good species the spores or pollen is invariably perfect 
morphologically” and from this standpoint refuses to consider La- 
marechiana and other conotheras as suitable material on which to base 
experimental studies on mutations: To him the mere presence’ of 
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abortive pollen suffices to stamp a form as hybrid in character. This 
represents an extreme view which in consideration of our ignorance 
af possible physiological reasons for pollen sterility can-at present 
scarcely be claimed-as more than an hypothesis. For the anotheras 
we are greatly in need of cytological and physiological studies on 
pollen sterility more detailed than the incidental observations that 
have so far been published. 

With respect to the abortion of ovules among the cenotheras our 
information is practically confined to the observations of Geerts 
('oo), mentioned above. It appears that in O, Lamarckiona and a 
nutnber of other species only about §0 per cent, of the ovules de 
velop embryo sacs. Other species also show varying degrees of 
ovule abortion. The ovules that fail to mature are represented in 
the capsules by a fine light brown powder known. to all who work 
with cenotheras, Such powder is very common in the capsules of 
various species and their hybrids, and it seems probable that ovule 
sterility ig as widespread in this group of plants as is the degen- 
eration of the pollen, A¢ in the case of pollen sterility we do not 
know to what extent physiological conditions may als be tespon- 
sible for the abortion of ovules. 

Pollen and ovule sterility involve of course the elimination fram 
the life history of immense numbers of gametes ani raise the fol- 
lowing questions, Can it be that this elimination throws out of 
the life cycle types of gametes with germinal constitutions differ- 
ent from the gametes that matured and that funotion? It js pos 
sible that same of the CEnotheras species, in hybrid condition, reg- 
ularly mature for the most part particular classes of gametes 
which in conjugation will perpetuate the genetic line of the parent 
plant? Gametes even when normally developed may still not fune- 
tion as when pollen grains fail to germinate upon the stigma be- 
cause its secretions are not stitable. tt must also be barne in mind 
that there are yet other phases of the 
may become ineffective as through failure to conjugate or because 
of a high mortality among rygotes, embryos, or young plants; such 
forms of infertility are expressed in sterile seed’ or in weak off- 
spring which never mature. Possibly the socalled “ mutants" arise 
whtn unusual gametes from hybrids, occasionally 
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tensive process of degenetation, form zygotes also able to survive 
and to develop plants diverging from the parents. 

The subject of seed sterility among the cenotheras has scarcely 
been touched by the students of the group and yet it seems likely to 
become a factor of prime importance in its bearings on the problems: 
of (Enothera genetics. Any worker among: these plamts shortly 
becomes aware of the fact that very many of the seed-like struc- 
tures which he sows fail to germinate even though seed pans are 
kept for many weeks. De Vries makes frequent reference to the 
facts of seed sterility and the writer has in. recent years recorded 
the number of seed= sown in cultures and the number of seedlings 
that develop. The results are most surprising atid must have sig 
micance aithough what that may be remaing for the future to dis- 
close, A line of research has opened before us that will demand 
@ special technique, for it is not enough to know merely that certain 
Proportions of the seeds germinate within the time practicable far 
keeping seéd pans under observation, 

Seed-like strictures sown on the earth are obviously lost for 
further enquiry as tothe facts of their villnlity; a proportion. of 
seedlings appear bat as for the residue, that cannot be examined. 
The residue may contain viable seeds the germination of which is 
delayed, or it may consist wholly of sterile structures, We must 
develop methods that will ensure the rapid and complete. germina- 
tion of seeds in convenient receptacles such that the residue of 
sterile structures may be left for study after the seedlings have 
been removed and set in the earth. By such methods. cultures of 
(Enothera may be grown in which one may feel confident that all of 
the viable seeds have germinatet] since by an examination of the 
residue it may be determitied whether or not the seed-like structures 
have embryos, It is probably safe to say that no culture of Gino- 
thera has as yet been described in which we may feel certain that 
the progeny of the sowing is complete. During the past winter I 
have tested the percentage of seed fertility in some fifty species and 
hybrids of Ginothera germinating the seeds om pads of wet filter 
paper in Petri dishes, With this method may advantageously be 
combined the clever practical suggestion of De Vries (’15, p. 190) 
of forcing water into wet seeds by air pressure thereby greatly 
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hastening their germination. A deseription of as method of seed 
germination which will, I think, prove to be éatisfactory in gen- 
ttical work on Gnothera may he found in the Proceedings of the 
Nationa! Academy of Sciences, Vol. 1., p. 360, rors. 

The first investigator to make use of the facts of seed sterility 
in suggesting Mendelian interpretations of the behavior of La- 
marchiana and certain CEnothera crosses has been Renner (‘14) 
and lis line of investigation has opened a field of research and spec- 
ulation that must be reckoned with in the future. Renner has. 
studied the seed structure in Lamarchiana, biennis and muricata, 
and in ¢ertain crosses among these forms, His conclusion on the 
genotype oF Lamarchna will illustrate the principles. underlying 
the method of attack, Since Lamorckiona when crosseil with bien- 
nig and certain other species gives in the F, hybrid generation the 
twin hybrids feta and velvfina it may be assumed tao develop two 
classes of gametes which function. These may be spoken of asthe 
feta and velutina gametes and are produced in about equal numbers. 
When Lamorchiana is-self-pollinated the lieta and celutina gametes 
may combine in proportions to give 1 pure leta: 2 heta-velutina: 4 
pore telutinag, Tt is a fact that more than one half of the seeds 
‘of Lamarchiana fail to develop normal embryos and Renner con- 
cludes that these sterile seeds represent zygotes homozygous re= 
spectively for the feta and veluting factors. ‘The fertile seeds ile~ 
velop from the heterozygotes with both feta and weluting factors 
combined ane this combination gives the characters of Lamareti- 
anit. (Enothera Lamarckiana may thus bean impure or heterozygous 
species breciling true because of the death of <uch TVgOLeS. a8 carry 
the factors for lirfa and veluting in homozygous: conditions. This 
simple Mendelian explanation of the behavior of Lamarchiona 
points a line of interpretation and study certain to be fruitful in 
(Enothera research. 

Among hybrids of Qinothera the seed sterility sometimes tuns 
extraordinarily high, The most remarkable illustrations of this fact 
a0 far known appear in the second generations of crosses involving: 
the Dutch Gienms and the Dutch muricata which exhitis certain 
remarkable morphological peculiarities discoverei| and described oy 
De Vries (13). First generation hybride of reciprocal crosses 
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between these species grown by the writer in 1913 gave data on 
seed germination in the earth as presented in Table I. 














TABLE I. 
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Tt is probable from my experience with other species crosses 
that the viability of the seeds of these F, hybrids is really high and 
that the relatively low percentages recorded above are dite to de 
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ative hybrids are most surprising in the degree of sterility or de- 
layed germination shown, They are given in ‘Fable IL, where are 
also presented the records of four cultyres sown in Petri dishes in 
which the germination was complete as proved by an examination 
of the residue. 

A. comparison in Table IL of the record for culture r5.a1 with 
*15.31, 15.33 with "5.33, amd 15.35 with “15.35 will illustrate the 
gain in germination that may come through sowing seeds im Petri 
dishes. The percentages of germination presented above for the 
hybrids of biennis and muricata must not be regarded as expressing 
exactly the degree of seed fertility under the conditions of the 
experiments since with the harvests of seed are frequently found 
very many structures too Jarge to be abortive ovules and too small 
to be counted as “ seeds" in the sense of falling within the limits of 
seed size. These structures are probably undeveloped seeds but 
only a microscopical examination can determine this point: if so, 
their presence of course always lowers the percentage of zygotes 
capable of giving progeny. 

Bearing im mind the fact that pollen sterility in biennis and 
muricata i5 50 per cent. or more and that pollen abortion in the i, 
hybrids is very much higher (in fact very jittle good pollen is pro- 
duced) the total amount of sterility both gametic and zygotic is 
simply amazing. Under such conditions how can the behavior of 
these hybrids be looked upon as indicative of anything but a most 
unusual situation, im itself very interesting; hut far bevonil the ex- 
pectations of normal hybrid behavior. This remarkable degree of 
sterility among the hybrids of iennis and mimuricata js perhaps ex- 
treme for the cnotheras, but it serves to illistrate conditians ex- 
tensively present in the writer's experience and doubtless also 
the experience of Others. 

De Vries has. described: the hybrids between biennis and muri 
eafa as breeding approximately true which in the main has also heen 
my observation. Apparently largely upon this behavior and that of 
certain other crosses he has reached the conclusion that livbrids 
between species of Cinothera are stable, In this opinion of De 
Vries I cannot agree for my crosses between grandiflora and certain 
sinail-flowered American species (Davis, ‘12 and na), 
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biennts and franciscona have in the F, generations given abundant 
evidence of that extensive variation interpreted a= segregation. | 
believe that the apparent stability of the very small progenies pro- 
duced by hybrids of /iennis and muricata simply means that the 
remarkably high mortality, among gametes and zygotes of these 
hybrids, or the delayed germination of their eceds, has prevented 
the appearance in our cultures of the diverse types which theo- 
retically would be expected. Any general conclusions on genetic 
behavior in the cenotheras which fails to take into account the 
phenomena of sterility rests upon insecure foundations. 

it is true that we do not know to what extent physiological fac- 
tors may affect seed sterility as well as pollen and ovule abortion. 
Nevertheless a main fact is clear, namely that seed sterility elimi- 
nates in certain (Enofthera species and bybrids immense numbers 
of zygotes which fail to develop seeds, And, furthermore, we 
know for anetheras that large classes of weak olfspring are some- 
times produced that are unable to reach maturity. Seedlings with 
white or yellow cotyledons, which quickly die, are not uncommon 
i my experience with (Enothera cultures; in certain cases: they 
have appeared in very large numbers: (Davis, "11, p. 222) and prob- 
ably have important genetical significance. ‘This situation in Gino- 
thera finds a close parallel in the behavior recorded for a number of 
animals and plants.. Thus Baur’s “golden ” variety of Antirrhinum is: 
an impure or heterozygous form which besides reproducing itself 
throws a class of normal green plants and a class represented by 
weak yellow seedlings that shortly die, The yellow mice sturdi¢d 
by Castle and Little although interbred always remain impure giv- 
ing progeny heterozygous for yellow because of the death of zygotes 
with a donble dose of the factor for yellow. A dwarf wheat iso- 
lated by Vilmorin cantot be fixed since it always remains hetero- 
zygous throwing talls but never. producing homozygous dwarfs. 
The white female form of the clover butterfly, Colias, was found 
hy Gerould always to give yellow offspring cither because of the 
failure of the gametes carrying white to conjugate'or because zy- 
gotes homozygous for white fail to develop, A form of Drosophila 
characterized by confluent wings has been found by Metz only in the 
heterozygous condition, always throwing normals and never breed- 
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ing trie; flies homozygous for confluent wings are apparently not 
viable. Is it not possible that parallel or related phenomena are 
extensively present among the @notheras? The mortality as shown 
by ‘sterile seeds may tmdicate the elimination of large groupe af 
forms divergent from the parent types, and some of the curios 
dwarfs and aberrant plants which again and again have been -re- 
ported in CEnothera lines may be from zygotes barely able to sur- 
vive the death-producing conditions that eliminate so many of their 
companions. 

5o far we have considered evidence chiefly of a negative charae- 
ter for the contention that many of the species of GEnothera are 
impure or hyhrid species. We have tried to show that pollen, 
ovule, and seed sterility must all be reckoned with as conditions 
which may eliminate Mendelian elasses of gametes and hold a line 
to a history of relatively true breeding even though the stream of 
germ plasm remain heterozygous of impure in character, ‘The pat- 
ural corollary of sucht behavior, if proven, might be the interpreta- 
tion of so-called “ mutants "as segregates from a hybrid stock that 
were able to survive the destruction meted out by conditions that 
produce sterility, To what extent the causes of sterility may lie 
in the history of gametogenesis or may be due to unfortunate com- 
hinations of gametes, or to what extent sterility is the result of 
physiological factors, these are problems that lic before 1. 

Let ts now examine some positive evidence that certain species 
of (Enothera do forin distinct classes of gametes and in consequence 
seem likely to be heterozygous in their constitittion. That which 
first demands attention is the situation discovered by Be Vries in 
certain first generation hybrids and by him named “ twin hybrids.” 
We have already referred to this phenomenon first described hy De 
Vries (07) for the behavior of Lamarckiana which as a pollen 
parent in crosses with other species of CEnothera gives not uniform 
Fy generations but the two types feta and zvlutina (twin hybrids), 
produced in abowt equal numbers. Certain 
marckiana also give twin hybrids uniler the <ame comditions as 
those produced by Lamarckiana, The behavior is so exact that the 
simplest hypothesis tmist suppose that Lamarckiuna anil these © tri 
tants” form two classes of gametes which are ferijle in these par 
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ticular crosses, De Vries ("o9) has-also described “triple hybrids” 
when the “mutants” scinfillans anil lata are pollinated by such 
species as-produce the twin hybrids from Lamarckiana, In such 
cases two of the forma have the characters of litta-and velutina 
combined with those of the other parent, and the third form te- 
sembles the mother, either-scintilfans or lata, The phenomena of 
twin and tiple hybride is treated in detail by De Vries (13) m 
“ Grippenweise Arthilitung.” 

From a Mendelian standpoint the production of twm and triple 
hybrids is strong evidence that Lumarckiana and such of its 
“mutants "as behave in this manner are impure or hybrid since the 
male or female gametes are not uniform, a point which has heen 
emphasized hy several crities of the mutation theory. De Vries 
assumes that Lamarckiana forms its different classes of gametes as 
a result of its mutating instability but the precision of the process 
falls completley in line with what we know of Mendelian behavior. 
The remarkable studies of Shull show that crosses between La- 
morckiana and cruciata give in the first generation polymorphic 
progenies of much greater complexity than the twin hybrids of De 
Vries. Shull’s results have not been published in full but, as | 
understand them, they indicate the interaction of several classes of 
gametes, a condition very far from what would be expected if 
genetically pure species had been crossed. 

Very interesting are the observations of Atkinson (‘14) on first 
generation crosses between Ginotheroa nutans and O. pycnocarpa. 
These two forms are Americin species recently segregated by Atkim- 
son and Bartlett from the biennis alliance. They have breil true in 
garden cultures. When pyenecarpa is pollinated by mutans twin 
hybrids appear in the first generation. In the reciprocal cross 
nutans “<pycnocarpa the same twin forms are produced and in addi- 
tion « third type, making this generation a compound of three dis- 
tinct forms, triple hybrids. Atkinson, apparently confident of the 
genetic purity of mutane and pyenocerpa assumes that the determma- 
lion of the twin and triple hybrids takes place through a differential 
division in the zygote hy which factors representing certain char- 
acters are side tracked in the suspensor cell and orily those respon- 
sible for the twins and triplets pass on to the embryo. There is no 
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cytological evidence that the first mitosis in the zygote of a higher 
plant is ever a differential division. To the writer the situation 
indicates that ene or both of the two species is heterozygous and that 
for this reason classes of gametes are formed, appropriate combina- 
tions of which give the twin and triplets. No data has been pub- 
lished respecting the sterility of these two species, cither of pollen 
or ovules, and nothing of seed abortion. An understanding of the 
genetic constitution of the species is likely to be a difficult matter, 
hut it does not seem probable that both are pure. 

What shall be said of the probable purity of the plants of 
(Enothera and Raimannia with which MacDougal worked in his ex- 
periments designed to create new species by the injection of certain 
fluids into the ovaries. The parent material was reported to breed 
true, but the cultures were small and not long continued and there is 
no reason to suppose that a complete wermination of the seeds was 
obtained. No information is given on the fertility of the species 
either with respect to the abortion of gametes or the proportion of 
good seeds. The material was not tested by cross breeding with 
other forms (the purest known) to determine whether the F, hybrids 
were uniform, a most necessary test in the establishment of a stock 
as homozygous. Thus from our present viewpoint we cannot 
accept MacDougal's conclusion since the probabilities are very great 
that the new types which appeared in his cultures were produced not 
as the result of the injections but because of the Renetic impurity 
of the plants themselves. 

In the above discussion the writer has taken dehnitely a Men- 
delian attitude in sympathy with the criticisms of Bateson and the 
studies of Heribert-Nilsson ("t2) and of Renner ("t4). There are 
constant suggestions of order in the phenomena of inheritance 
among the cenotheras which while they may not fall inte simple 
schemes of Mendelian notation nevertheless dy indicate eVstem even 
though masked by complexities. That the complications at least in 
great part are due to the genetic impurity of the CEnothera material 
which has heen so far the subject of study is the writer's belief, 
The difficulties that surround the analysis of (Enothera inheritance 
are probably in very large measure due to the extraordinary amount 
of sterility, gametic or zygotic, or both, that is present in the group. 


pts] PURE SPECIES OF (ENOTHERA. 230 


Upon students of this genus rests the responsibility of obtaining 
data on this sterility and, if possible, of discovering its causes. The 
assumption that a line represents a pure species because it breeds 
true is not a safe foundation upon which to conduct experimenta- 
tion in the cenotheras, This is the assumption upon which have 
been based many of the conclusions of the Mutationists, and from it 
we must dissent. We cannot depart from the principles underlying 
Mendelian methods of research which have so brilliantly opened the 
present century of biological investigation. 

Finally what are the tests that must be applied to an CEnothera 
species to determine whether or not it is pure. 

First—There is the breeding test and that must be applied with 
such experimental methods of seed germination (Davis, '1§) as will 
insure a complete progeny from the sowing, a progeny wholly repre- 
sentative of all types of viable Seeds, Even then the breeding test 
is negative rather than affirmative in its conclusions. Should the 
form throw off numerous variants it naturally becomes a subject of 
suspicion, but should it breed true or relatively true that does not in 
this group of plants prove it to be homozygous in its germinal 
constitution, 

Second —Information must he obtained on the character and 
degree of sterility present, both gametic and zygotic. Sterility, 
unless: shown to be strictly physiological in its character, suggests. 
genetic impurity, 

Third —Cross-breeding tests must be planned and followed in 
which the form under observation is mated with material of known 
genetic purity. If the liybrid plants of the first generation are 
esseritially uniform and the result of a normal germination of the 
seeds the indications are strong that the form is truly pure provided 
that the gametes are likewise tiormally fertile. If the hvbrids of 
the first generation fall sharply into classes the material must develop 
gametes of different germinal constitutions and is: consequently 
heterozygous: One favorable cross with a pure species may not be 
sufficient to establish the purity of a form; a mumber of favorable 
tests with pure types will carry increasing conviction. 

It is thus not an easy matter to determine the fact whether or 
not a species of (Exothera is pure, and yet this ts fundamental to: 
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experimental studies in the group. On ithe assumption of specific 
purity the Mutationists rest their conclusions. This condition with: 
respect to the characters studied is also basic to Mendelian experi- 
mentation. It need scarcely be emphasized that no species of 
(Enothera has as yet passed the tests for genetic purity outlined 
above and that consequently we have at present no standard material 
with which forms may confidently be mated in the test of eross- 
breeding, It should become the concern of (Enathera genetivists 
to find and isolate pure material as the starting point of further 
studies in experimental morphology. Whether such pore forms 
will be found among the wild species or as products of the garden 
time will determine, 
University of Pennsyivanta, 
Mar, 191s, 
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CONCRETIONS IN STREAMS FORMED BY THE 
AGENCY OF BLUE GREEN ALG AND 
RELATED PLANTS. 


(Read May 7, rors) 


In 1858, I discovered that coneretionary formations occurred 
in Littl Conestoga Creek, Lancaster County, Pa. At that time, 
however, | was engaged in other studies and gave the concretions 
only a passing notice, But in the late summer of 1914, my attet- 
tion was directed to the subject again by the reading of Dr. Wal- 
cott's paper on “Pre-Cambrian Algonkian Algal Formations” which 
appeared July 22, 1914. This paper made me realize the impor- 
tance of a careful investigation of these particular stream forma- 
tions as to characteristics, distribittion, origin, etc. | hegan. at once 
a careiul and extended search in the Little Conestoga as well as in 
other streams for contretionary strictures of recent formation. 
My search was amply rewarded by finding them in great quantities, 
and distributed throughout nearly the entire length of the Little 
Conestoga. T found also that they not only: occur in the creek 
itself, hut that quite large deposits of the concretions andertie the 
flood plain meadows along the creek banks. One of these in Ken- 
dig’s Woods, two miles southwest of Millersville, Pa. is made inp 
wholly of cancretionary materials on the top of which forest trees 
of large size and consitlerable age are growing. This deposit 
covers nearly an acre to the depth of about 8 feet in the midile 
Hinning out lenslike toward its edges, Another deposit along the 
same stream near Fruitville in Evan's Meadow, more extensive in 
area but of shghter depth, forms a substratum under a thick soil 
cover and has an average depth of about two feet. Deposited con- 
eretions occur under similar conditions jn many other of the 
meadows along the stream as is shown by weathered concretions 
occurring in the soil and wash wherever wet-weather <treqam pullies 
have been torn through the soil cover. 
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Though these structures, as [ shall show later on, are without 
doubt due to Algoid agency in the stream waters, it may be well 
to premise the full discussion of their origin by somewhat com- 
plete descriptions of their characteristics as to form, size, struc- 
ture, etc, In this way the attention of botanists and geologists 
will be directed to their study and distrilution, so that their signih- 
cance as agents of rock formation and the flora, responsible tor 
their growth, may be fully worked out. 

Size and Shape—The concretions beth in the stream and in 


the deposits vary in size from peas to misses nearly a foot im di- 


nineter (see Fig. 1), The latter size is not very common i the 





Pic. pr A grotp of the coneretions showing their gize, shape, surface 
anpenrance and color, No, 1 is 74x10 inches; No. 2 is about § inches In face 
diameter and 3 inches thick: No. 4 is Bxpx$ inchea. Tlie two stnaller con- 
cretions above are typical, both in color and surface appearance, ol growimy 
Apectmens 


étream bot many large concretions occur in the deposits probably 
because the sinaller ones after deposition in land forms have been 
carrice at Waly in solution by percolating Waters leaving only the 
larger forms. In the flood deposits in Kendig’s Woods thousands 
of the concretions when I found the deposit last simmer measured 
nearly a foot in jength and six inches or more in transverse 
diameter, 
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The smaller concretions ate invariably ellipsoidal in shape {see 
Fig. 1), and quite symmetrical unless broken by flood action. The 
larger sized] concretions, though of the same general shape, are less 
symmetrical. Those in the stream ate nearly always more regu- 
larly ellipsoidal than those of the deposits in flood plains and 
stream bars. This is, no doubt, due to their weathering through 
solution or to their having been broken hy flood waters during their 
transportation to their present positions. 

The concretions in the stream are qiite firm in texture; those 
in the deposits are less compact. Both are porous and roughly 
coralline in general appearance and internal structure. 

In color they vary from bluish green to whitish. The growing 
specimens in the stream are generally bliish green, All specimens 
after exposure for same time to stn, air, and rain or to the action 
of soil waters become grayish white. 

Composition and Hardness—Vhough the composition varies 
slightly from place to place yet all are limy deposits concentric 
around a nucleus. The main constituents in the concentric layers 
are calcium carbonate, silica and organic matter of vegetable origin, 
Upon «dissolving out the limy constituents with dilute hydrochloric 
acid, a mat is often Jeit of vegetable materials composed of the 
matted stems or tissucs and cells of low type plants such as mosses 
and alex. 

Few of the specimens tested had a hardness as preat az that 
of common calcite, most of them being about two in the scale of 
hardness: The weathered concretions are generally less coherent 
than those now forming in the stream 


The following table shows the 3 Main constituents of the cor 
cretions : 

 eeewel parca. A: w 
Oemanic MACE ceca insets esses aa. 19% to 15% tte 12% 
ft eee a eee ecerw estes seeders toe. 10% 
Sh Tritt ree ior + bl ie hows ated b to. % 
CaCO, toh eame eee Steger eter ee eas GOS th oct 70 10 80% 

Bir pwesdaaewabioccseccccis.s ale oe re % 
Al Te ee ee Trace Trae 
MgCOy .--..+-.-- et ere Trace to 1% ‘Trace to 1% 


A of gtowing specimens, 
A of specimens from flood plain deposit. 
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Structure—Most specimens have as the nucleus a quartz or 
limestone pebble of the country rock. Near Millersville, where the 
stream flows fora mile or two parallel to an igneous dyke, the 
muclei are diahase pebbles, But sone specimens lack the stony 
nucleus having mstead the limy Jayers concentric around a dark 
spot which proves upon close exaimination to be carbonaceous mat- 
ter resembling nearly structureless peat, Probably this waz origi- 
tally a piece of wood or other veretable tissue that carbonized -aiter 
the concretionary lamine had accumulated around it. This stipe 
position lias heen verified in a number of cases by finding con- 


cretions with otganic matter as nucle} (see Fig. 2) 





Pig. 2 Soctions of a group of the emicretinms sowing the laminae, 
COnCHIC arrangement of the limninme, the micleus of nuclear point arn 
fcreiiinic manner of growth One-third natural sxe The auclenw in the 
amall upper specimeti ie a small water worn quartz pebile, The larger upper 
eect shows where the muctews was broken out when the section wis 
that 


The concretions with stony nucle} mas always be detected by 
their higher specific gravity, 

Around the nucleus-of a specimen is layer on layer of the limy 
matter cach lamina from one eighth to one fourth of an inch in 

PoC, AMER. FHIL. Soe, WY. 218 6G. PRisTEen atc. iO, Pp1§. 
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thickness. The laninez are not equally compact throughout their 
thickness, but are open and porous within anid quite solid without. 
A polished section of any coticretion exhibits many concentric 
ellipsoidal layers with the nucleus nearly always eccentric and the 
successive layers with a greater thickne=s on the one side and two 
ends than on the other side. The thickness of the sticcessive 
laminw in any one direction out from the nvicleus is nearly uni- 
form, In other words, along any radius: the inner layers are just 
as thick as the outer ones: When found in place in the stream 
where the concretions Have not been disturbed for a long time, the 
down side lamin are invariahly a little thicker than those on the 
upper side. This indicates that the greater growth is downward. 

In appearance ani! structure, the concretions of the Little Con- 
estnga ate very similar to the “Lake Balls” from Lake Canan- 
daigua, New York, so vividly described by Dr: Clarke, under the 
name of “Water Biscuits.” They are also somewhat similar 
though much larger in size to the oolitic sands found forming in 
great numbers m the waters of Great Salt Lake by A, Rothpletz 
anid traced by him to the agency of blue green alge. 

Where Found—C pon recognizing the importance of a thorough 
study of the Algoid concretions, I began a systeriatic wearch In all 
parts of the Little Conestoga as well as in other streams of both 
Lancaster and York Counties, Pennsylvania. My search showed 
that these objects abound in all parts of the Litthe Conestoga nearly 
fram source to mouth, Mit no other streams in this part of the 
state have so far yielded any specimens. Those found jn the sand 
bar in Lake Canandaigua near the mouth of Sucker Bronk are 
probably ‘also of stream origin, and | feel confident that » careful 
search in the hrook would reveal at least some, if not many, of the 
concretions. Substances somewhat similar in composition o¢eur in 
other lakes than Canantlairua thatuph they do not have the alte 
eretionary form. Tins laminated reef-like accumulations of Algoid 
origin, occur in Round Lake, New York, while marly or tufa- 
ceous deposits have accumulated for ages and are still forming in 
many lakes in Michigan, Wisconsin and Indiana, The tmfa and 
thinolite described hy Russell as forming in Pyramid Lake, Nevada, 
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are now regarded as of similar origin though differing much from 
the Little Conestoga concretions in both form and structure, 

That concretions similar to those found in the Litthe Conestoga 
occur in other streams is evident from observations made in Center 
County, Pennsylvania, by Dr, Wieland, who, however, had not 
recognized them as of Algoid origin until I called his attention to the 
well known activity of some alpz in precipitating calcium carbonate, 
Ina recent personal letter to me Dr, Wieland describes concretions: 
that he found in 1888 in a stream near Lemont, Center County, Pa. 
He, however, says, “1 just thought of them as very interesting 
objects from the viewpoint that they showed once more how abun- 
dant is CO, whether derived from plants or other sources. In: 
shart I knew too much and too lithe to make the least use of what 
I tound.” 

Origin —In 1854, W. Ketchell in the First Annual Report of the 
Geological Survey of New Jersey refers to Chare as active agents 
in the formation of fresh water marl In 1844 Frederick Cohn 
found that a number of aquatic plants, especially Chara Mosses and 
Alge, caused the deposition of travertine at the Waterfalls of Tivol. 
The deposition he attributed to the activity of the plants in absorb- 
ing carbon dioxide and so setting the lime carbonate free. That 
is, these low type plants consume carhon dioxide anil exhale oxygen. 
When this is done itt water containing calcium bicarbonate they 
deprive that salt of its second molecule of carbonic acid and. the 
inzoluble neutral carbonate of lime is precipitated. 

W.S. Blatchley and G. H. Ashley in their report on the lakes 
of Indiana in 1900 also refer to the activity of plants m the pre- 
cipitation of insoluble lime carbonate, But thev also: thought that 
the dissolved lime brought into the lakes by streams and deposited 
mechanically by evaporation was amore important agency than the 
plants. 

In 1900 C. A. Davis discussed the origin of the marls of the 
lakes-of Michigan and came essentially to the same conclusion as 
Cuhn, He says: 

“But m water containing amounts of aalts, especially of the calcinm 


bicarbonate, 20 emall that they would not be precipitated 1? there were no free 
carbon dioxide present in the water at all, the precipitation may be conaid- 
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ered a purely chemical problem, a solution of which may be looked: for in 
the action upon the bicarbonates of the oxygen ect free by the plantsy, Of 
these calcium bicarbonate i¢ the most abundant, and the reaction mpon it may 
be taken as typical and expressed by the folllowing chemical equation, 
Cal, (COs +07 HOT C2CO, +0COi+0, in which the calcium bi- 
carbonate is converted into the normal carbonate by the oxygen liberated by 
the plants.and both carbon dioxide and oxygen ict free, the free oxygen. 
possibly acting still further to precipitate more calelem monocarbonate, 
Catt." 
Dr. F. W. Clarke in “ Data of Geochemistry ” says: 


“That Dr. Davis' theoretical equation (given above) rests on mo ex- 
perimental hasis.” 

In an article in Science dated December 14, 1914, J. Claude 
Jones, of the University of Nevada, ¢ars that the tufas of Salton 
Sea and of Pyramid Lake owe their origin to blue green alew. He 
shows that wherever these plants are present in Pyramid Lake the 
gravels are ceniented together and wherever the algw are absent 
no trace of the tufas can be found. 

Dr, Clarke ascribes the origin of the “Water Biscuits" of Lake 
Canandaigua to the same agency. 

Miss. Josephine Tilden in Minnesota Alga (1910) says that 
Gleocapsa calearea forms a calcareous crust (with other lime secret- 
ing forms) on boards where spring water from a trough drips down 
constantly, 

Weed in his. classic report (1889, U.S. G5.) on the rock for- 
mations of the hot springs of the Yellowstone National Park shows 
that travertine as well as siliceous sinter are deposited through the 
aid of alow, 

Dr. B, M. Davis, of the University of Pennsylvania in a very 
interesting paper (Setence, Vol. VL, July 30, 1807) describes the 
alge and bacteria active in the formation of the travertine and 
siliceous sinter deposits in Yellowstone Park. 

Dr. MacFarlane, of the University of Pennsylvania, in speaking 
of the activities of thermophilic alg# of hot spring and geyser 
regions, ascribes many rock formations throughout the earth's his- 
‘tory as due to the work of fresh water alge especially of the group 
Cyanophyces. | 
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Eymences Tuat tae Active Acents or tie CoNncRETIONARY 
Formations In THe Lrrtte Consstoca are Brive Green Avcs. 

That the concretions described in the first part of this paper are 
the result of life processes of plants may be proved in a number of 
different ways. (1) The color of all growing specimens in the 
stream is the characteristic bluish green color of the Cyanophycex, 
while those exposed to rain and stimshine are grayish white. Care- 
ful microscopic examination also of such growing specimens Te- 
veal a varied ‘thallophytic flora mamly of the Cyanophycez. 
Species of the genera Gleocapsa, Gleotheca, Aphanocapsa, Nostoe, 
Oscillatoria and Rivuleria have been identified. Associated with 
these ure several of the green alge (Chiorophyceas). Many species 
of the Diatomaces: and Desmidacee which generally live in close 
association with blue green alee have also been identified and have, 
no doubt, contributed the siliceous matter which is disseminated 
through the calcareous matrix, Aniong the diatoms, species of the 
gents Navicula both in free forms as well as stalked forms on alge 
are quite prominent, The Charas are: also occasionally present, 
contributing a small percentage of so-called marly material. Some 
bacteria have also been found in association with the other plants 
but the bacteria have probably had little to do with the caleareous 
deposition, but may contribute the iron which | find present im every 
concretion that I have analyzed. 

(2) The arrangement and structure of the lamine also favors 
the view that these concretionary accumulation are due to life 
processes. That periodic aceretion alternates with a period of 
quiescence is shown plainly by the concentric laminations of tearly 
uniform thickness. The open porous nature of each lamina within 
and the more solid character without, like the concentric arrange- 
ment, is due without doubt to the seasonal conditions of the region. 
Since alge are essentially thermophilic plants, each winter destroys 
many of them and stops the growth of most of the rest and thus 
at the beginning of the plant year (spring) few and widely scat- 
tered alge at first produce slow and scattered accretion of the limy 
matter; later the plants become more abundant and by summer they 
are crowded ‘over the surface of each mass. This distribution of 
the alg seasonally would naturally have its effects upon the struc- 
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ture and arrangement of the limy matter giving a decided though 
rough coralline appearance to the inside portion and a more com- 
pact texture to the outer part. The theory just given has been con- 
firmed by a study of the distribution of the alge on the concretion- 
ary bodies through the seasons. The fact also that when the limy 
Matter is dissolved out with acids, a mat of vegetable chains and 
cells remains nearly as large as the original concretion is also con- 
firmatory. Even in the concretions which are centuries old as 
those in the forest covered deposit in Kendig’s Woods the dead cells 
and chains:of blue green alge may be found, 

(3) Lime secreting algz are found in the Littl Conestoga dur- 
ing the entire year but abound from May till December. They 
oceur not only in the water but enerust many objects, in a few 
places forming ‘small reef-like accumulations similar to those in 
Round Lake, New York, 

(4) Quite an array of investigators, among whom we may men- 
tion Agassiz, Bigelow, Gardiner, Murray, Finckle, Vaughan, Wal- 
ther, Drew, Matson, Dall, and Sanford, have studied at first hand 
the activities of alge of the genera Lithothammion and Halimeda 
and also same of the bacteria in various parts of the ocean and in 
many seas, All have come to the conchision that many of the so- 
called coral reefs owe their existence partly and often largely: ta the 
activities of these lowly plants. The Bermudas, the Bahamas, the 
Laccadive and Maldive Archipelagoes, Funafuti, and extensive 
tock beds in the Floridian Peninsula have all originated through 
plant agency as much as through coral polyps. If this be true, dt 
is not only possible but probable that fresh water ble green aloe 
throughout all the ages have caused and are still causing the precipi- 
tation of rock materials from minerals in solution in streams and 
fresh water lakes: 

(5) Weed has proved that the concretions formed in geyser 
basins and known as Geyserites are formed by alge which through 
life processes cittse the precipitation of the siliceous matter held in 
solution in the hot water. 

(6) The observation that the laniinar accretion seems to pro- 
ceed more rapidly on the under side of @ concretion proves that the 
formations are not due to mechanical precipitation of lime carbonate 
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through evaporation or change of temperature. It does, however, 
suggest that the secretion or precipitation ts chemical and dependent 
on a life process that produces conditions for chemical reaction 
where the plants or animals are most abundant. 

(7) Conway MacMillan in Minnesota Plont Life says: 

* Same slime moulds have the power of incrusting their tiny fruit bodies 
with lime which they extract from their soil or from rain water which falls 
upon them. Such forms are eiten observed in Minnesota upon dead wood 
or fallen leaves, generally, ini moist shady places in the deep forest. Same 
of the bhie green alee have the power of encrusting themselves with Time 
endo in watering troughs and tanks there “sometimes occurs 4 calcareous. 
formation reminding one of the deposit in old tea-kettles, Such a crisst is 
true limestone extracted from the water hy the chemical activities of the algae.” 
Upon a larger scale the blue green alge have been conclusively 
shown by Weed to be important factors in travertine formation im 
ihe hot springs and geysers of Yellowstone National Park. 

Dr. MacFarlane without knowing of my discovery in the Little 
Conestoga Creek has expressed the opinion that these apparently 
insignificant plants have throughout all the ages played and are still 
playing in all waters an important part in the formation of Line 
stones and dolomites, | 

(8) The fact that many more or less ancient rocks have been 
demonstrated to be of algeid origin by various scientists and are 
similar to the Little Conestoga concretions in their concretionary of 
laminated structures or both is favorable to the view that alge are 
just a important agencies in rock formations in the present geo- 
logical epoch as in the past. The similarity of Cryplosodn pro- 
lifertem, Ozarkian odlitic formations, Netelandia frondosa, Camasia 
spongiosa, Collenia compacta, Collenia wndosa and other structural 
forms in rock formations to the work of recent alge in hot spring 
and geyser regions has been vividly shown by Walcott, Wieland, 
B. M. Davis and others. Some, at least, of the above-named for- 
mations can be strikingly duplicated in their structural peculiarities 
by the Little Conestoga concretions and reef-like masses of Round 
Lake—the Potsdam-Hoyt formation of New York state being 
especially like what would result were infiltrating waters, cementa- 
tion, and other solidifying agents or processes to act for a long time 
upon the great mass of flood deposited concretions of the Little 
Conestoga in Kendig's Woods. 
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Miszeat Content of tre Lime Conestoca Waters: 


One would infer from the number of concretions growing in the 
Little Conestoga and also from the thickness of each lamina in a 
concretion that the mineral content of this streams waters is high, 
have verified this by determining the salinity of the stream under 
varying conditions. The salinity in a wet month was 330 parts in a 
nultion, while inva dry month this rose to 365 parts in a million, 
Streams in which I have found no trace of conctetionary structures 
have a much lower salinity, the Big Conestoga Creek for example 
having a salinity of 190, the Pequea Creek 195, and the Susqtue- 
hanna, in March, above the mouth of the Pequea and below the 
mouth of the Big Conestoga, about 200 parts ina million. The 
various springs flowing into the Little Conestoga have an average 
salinity nearly as high as that of the Little Conestoga itself, 

The basin of the Little Conestoga is underlain with much more 
soluble imestane than any of the other streams sa far investigated, 
This accounts for the high salinity of its waters and alse for the 
distribution of the concretions 30 far as we kiiow that distribution. 
Further search and stiicdy wall certainly reves) thar many streams 
of the world contain concretionary structures grid determine the 
conditions of their distribution and formation. I trast the be- 
ginning I have made in the investigation of stream concretions will 
lead to a wide and thorough study of this interesting and important 
inological as well as geological problems, 

The various facts tabulated on paye 257 and correlated with the 
fact that the blue green alga are about equally abundant in the various 
streams mentioned in the table would seem to indicate that deposi- 
tion of CaH,(CO,), is always going on in all the streams during 
the growing season, but that when the salinity is low solution bv the 
stream waters balances deposition and no concretions are formed, 
When, however, the salinity is high, solution can Hot take place and 
laminated structures due to seasonal or other changes are formed 
either in coneretionary form or more rarely 
forward as a working hypothesis, many more observations and 
analyses are needed however before the various problems connected 
with these formations can be fully solved, 


as reefs, This is put 
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Taste Snowitxe Recatiox: Eerween tue Saumny or STREAMS AND THE 
Presence of Caucrum Casnoxare Conceerions 
























Stream or Spring. | Mi nevch, ba in sete Satore of Awliniry Concrete 
(i biefy), Sareeam. 
t. Litthe Conestoga... .. — i Peb,§ 730 Cahitth) 
2. Little Conestoga... 5....4) March yoo | m1 
a. Little Comestoga,.......,| Apel es 7 
4- Brauch Run, tributary to, — 
Little Conestoga. ......| April oo . 
S. Big Conestoga... .. esvv)| Fetx 144 _ 
é Big eee = alead | March rod | 7, 
7. Bis C meme esr April 50 -: 
8. Duing’s Run, ribotary to, 
Bix ae! ia idole «| d\pril TOT + one 
9. Peques Creek, . Tee ’ April 195 * [None 
19, Donegal Run. Apel Ang ) Abundant 
rt. Nigaliv's Dam in poset: 
Ron, turther patron, 
2 Apeil 400 _ Many tit 
iz. Donegal Runnear source... April 230 e None 
rj. Bellaire Branch of | Dewwgal) Mane except 
Rom... .4. er April 208 near mouth 
Lj. Little Chickles, seaeeceses| April yo o One 
ts. Biy Chickies. . April ryt - ‘None 
16, Big asim farther tp 
#ream , rrr April itt | si None 








Furtnte Nores ox Coxceerionary Formations in STREAMS, 

Since writing above | have been fortunate enough to find 
a new locality for concretions. Knowing that Donegal ‘Township, 
Lancaster County, comprised a notably large area of Cambro- 
Ordovician limestones, I judged that its streams would be favorable 
to the growth of calcareous concretions through the agency of blue 
green alee. Search on April 26, in Donegal Creek, revealed these 
objects in greater abundance than in the Little Conestoga. One 
meadow of fully 12 acres bordering the etream about one mile 
northeast of Marietta was found to be underlain with a bed of con- 
cretions not less than a foot in average thickness throughout: its” 
entire extent. And this was under a soil cover of more than a foot 
In depth that had, apparently, resulted from the weathering and 
tisintegration of the same objects. The great flood deposits of con- 
cretions in this and neighboring meadows were paralleled by large 
quantities in the stream itself, fully one fifth of the stones in some 
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places in the stream) channel being of concretionary origin as shown 
by their shape, laminated structure, and composition. 

The finding of the new locality is of great interest. It shows 
that a careful, intelligent, and systematic search will reveal these 
formations in many other regions of the world wherever the proper 
conditions exist for calcareous and siliceous precipitation through 
the life processes of plants. 

But the geologics| significance of the great meadow deposits 
also needs emphasis. The large accumulation in the Donegal Town- 
ship Meadow represents a comparatively long period and this indi- 
cates a considerable antiquity of the plants which form the concre 
tions, Then too, such a bed of closely packed concretions is highly 
suggestive of the manner in which some ancient rock Weds orig- 
inated. For were such accumulations of concretions as those in 
the Donegal Meadows to be consolidated by the action of infiltrat- 
ing walters, pressure, heat and chemical change solid rock beds 
would result nodular in appearance and concretionary in structure 
hardly distinguishable from the Hovt Potsdam teds of New York. 

Species of the following genera of the Cyanophycem.are found as 
sociated! with the calcareous concretions occurring i Donegal Creek, 
Lancaster County, Pa: Gleocapsa, Micracystis, Carlos pharritens, 
Aphanocapsa, Oscillatoria, Rivularia, Nestac, Chroococeus. There 
aire also species of Protoceccus, many species of Diatoma, several 
species Of Desmids, various species of the Chisrophycer, severay 
species of Phxophyces, and species of Ehodophycex, 


THE CONTNTIONS OF BLACK SHALE DEPOSITION AS 
ILLUSTRATED BY THE KUPFERSCHIEFER AND 
LIAS OF GERMANY. 


By CHARLES SCHUCHERT. 
(Kead Afay 7, 197s.) 


Stratigraphers do not agree as to the conilitions under which the 
black bituminous shales so often met with in American Paleozoic 
marine deposits were laid down. Among the more striking of such 
farmations may be mentioned the Quebec, Martinsburg, Colling- 
wood, Utica, Maquoketa, Genesee-Portage, Ohio, Chattanooga, and 
Caney, formations ranging from the Ordovician to ihe Pennsyl- 
vanian. ‘To aid in the interpretation of such black shales, the writer 
presents herewith the main results set iorth by Professor J. F. 
Pompeck}, of the University of Tiibingen, in a publication that will 
not be of wide distribution in America.’ The following isa decided 
condensation anc in part a free translation of his exhaustive paper, 
which is replete with bibliographic references. 

The Kupferschiefer of Germany are of Midille Permian age, 
and occur near the base of the Zechstein, the time of marine in- 
vasion over the previous continental series known as the Rotliegende. 
Tn general, the bituminous dark shales occur above the basal Zech- 
stein conglomerate and below the Zechstem dolomite, and occupy an 
area of at least 60,000 square kilometers in middle and western 
Narth Germany, The average thickness of the copper shales over 
wide areas is about 30 inches, but varies from nothing to 4 maximum 
and exceptional local thickness of 35 feet. However, in many plates 
there are no black shales and then the equivalent deposits, or the 
basal strata of the invading Zechstein, may be conglomerates, sands, 
shaly limestones, or dolomites, In other words, the black bitumi- 
nous shales do not prevail everywhere. and the same is true of the 
metal sulphides, 

1” Das Meer des Kupferéchiefers,” Branca-Festschrift, 1914. pp. 444-404. 
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The copper-bearing shales usually succeed the basal conglomer- 
ates or sands and finally become gradually more and more ¢al- 
carcous, passing upward into the normal Zechstein dolomite of wider 
distribution. The latter has an abundant though monotonous fauna 
indicative of peculiar marine conditions and not much like that of 
the Tethytan mediterranean to the south, which is of normal sea 
environment. The paleogeography indicates an inland sea, bounded 
by continuous land, in the north by Fennoskandia across to England, 
thence south to France and Belgium, and cast over South Germany 
to Bohemia, In the east only were there limited connections with 
the Russian and Arctic Zechstein sea. The previous orogenic move- 
ments resulting in the Paleozoic Alps of central Europe had been 
greatly reduced, so that the streams flowing into this Permian sea 
were sluggish and delivered only the finest of mud¢ and solution 
materials, while those flowing out of regions of igneous rocks were 
charged in addition with copper. zine, and <ilver. 

The Kupfersehtefer are fissile, tough, dark to black, highly 
bituminows (6 to 20 per cent.), clay shales with considerable cal- 
careous material that increases in amount ipward (locally to 45 
per cent.). Copper sulphides variable in quantity arid nature are 
present, and beeause of this ore the strata have been mined jin 
Germuny for seven hundred years. Linder the microscope the shale 
is seen to be made up of finest clay substance colored yellow-brown 
to black by bitumen, Throughout the clay there are scattered, 
Inyered, or aggregated in the form of thinnest lenses varying 
amounts of tiny crystals of calcite and needle-like splinters of quartz, 
Black coaly dust is also more or less alnindant and especially among 
the clay particles. 

The flora and fauna of the Kupferschiefer are small and at best 
do pot include more than 1 land stegocephalian, 2 land reptiles, 17 
fishes (5 selachians, 1 crossoplerygian, the rest ganoids) with 
structures indicating forms that lived on or near the bottom of the 
waters,  nautilid, 1 gastropod, 1 scaphopad, 14 hivalves, 3 bry 
(Fenestellide), 5 brachiopmls, 1 problematic starfish, and 71 
af land plants. This assemblage is brought together from many 
localities and the species of fishes are usually hased on single speci- 
mens, indicating that the biota is not a natural assemblage, 


oroa 
species 


but is 
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made up of land and marine forms plus lishes, most of which appear 
to be of fresh water habitat. The only common fossils are the 
ganoil Paleoniscus freiestebeni, Lingula credneri, “ Asterias™ 
bituminosa (problematic), and the small bivalves Nucule beyrichs 
and Bakewellia antigua (sometimes mm colonies). In other words, 
the life consists of land-derived forms (3 vertebrates-and 11 plants), 
fishes (5 probably marine anil certainly bottom-feeding, and 12 
apparently of river origin), and 22 marine invertebrates all but one 
of which are forms ltving on the bottam of the sea, attached to it or 
to floating objects, While the invertebrates: indicate plamly that 
the copper shales were laid down in the sea, the great scarcity of 
fossils shows that the forms recovered are in the main not in their 
normal habitat, It appears that only 3 species (the mvertebrates 
cited) were able to adapt themselves to the peculiar conilitions of 
the copper-depositing seas. Not a single scavenging animal is 
found, and the fact that so many fishes (17 species) were present 
as food (Paleoniseus freieslebeni is ofteri more or less decomposed 
by sulphur bacteria) indicates that the bottom had mo scavengers 
afd that it was not a favorable place for any kind of life, 

Pompeckj haz carefully studied the fishes, and as all or most of 
them are carnivorous (some are shell-feeders) the question is raised: 
On what could they have fed, since there was so little bottom life? 
He admits that there may have been present an abundance of soft- 
bodied and shell-less invertebrates on which they preyed, but finally 
concludes that it is much more correct to assume that most of the 
fishes (at least 12 species) were drifted into the sea from the trvers. 
If they also lived in the sea, it must have been im the oxygenated 
surface waters or the shallow shore regions, On the other hand, the 
invertebrates present indicate that pearly all of them fed om micro- 
scopic plants and animals (no ostracoids are present, however) and 
it is perfectly natural to assume that the surface and sun-lit waters 
abounded in a varied plankton, as do the seas and oceans of today, 
It was this world of minute forms, the plankton, that rained into 
the depths, feeding the sparse brachiopod and mollusean Iite and 
the common sulphur bacteria, 

Moreover, it is the abundant surface plankton that tn all prob- 
ability has furnished most of the bituminous matter. assisted further 
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by the lnned-derived fishes, while the coaly substance has resulted 
from the land plants, Along the shores, in the oxvecnated waters, 
there probably also was an abundance of sea-weeds and among them 
doubtless lived most of the invertebrates preserved in the Kupfer- 
schiefer. The marine plants are broken up by the storms, and the 
water currents plus the undertow generated by the waves and tides 
drag this materjal into deeper waters, where it is slowly rotted and 
further altered by the sulphur bacterix. There results a foul bot- 
tom, free of oxygen, and recking with carbonic seid and sulphuretted 
hydrogen gas. The chemical reactions se up here (diagenesis) 
result in the deposition of the metal sulphides (copper, zinc, silver} 
and the bituminous alteration products, 

The paleogeograpty, as stated above, indicates: an inland and 
almost land-locked sea, Into such a basin the currents generated 
in the oceanic areas can at best enter bur little, and that such dil 
not enter in any marked degree is scen in the almost complete al- 
sence of floating and swimming itivertebrates, As for the general 
physical conditions, Walther thinks of stagnant Waters, with marine 
swamps; Kayser of quict bays of inland seas with foul bottoms ; and 
Dosz of stagnant places tke the present lays around the island of 
Oesel, where the bottoms are rich in iron ulphide deposits, the 
healing or medicinal muds, Pompeckj, however, finds more or less 
valid objections to all of these suggestions, and thinks the best 
present analogue to be the Black Sea, whose physical and organic 
conditions are now well understood through the work of Andrus- 
sow anil Lebedintzew. In other words, the Kupferschiefer ses 15 
“it Fossil Black Sea" in nearly all its characteristics except depth, 

With regard to the conditioris:of the Black Sta; it is an inlanil, 
relic sea, which was once a part of the Tethyian mediterranean. 
Its greatest length is about 715 miles and its maxiniun width ao 
miles: (making its. area 170,000 square miles), and it attains 7.300 
feerin depth. Flowing inte it are many rivers, among the largest 
of which are the Danube, the Dnieper, and the Don, [1s only outlet 
af surface water is through the strait and over the barrier ai the 
Bosporus into the Sea of Matmora and thence through the strait 
of Dardanelles into the Tigean Sea and the Mediterranean; A 
compensating but smaller inflow of salt water (salinity 3 per cent.) 
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Gccurs at greater depths. The shores are high and bold on the 
northeast, cast, and southwest, and flat on the north and northwest. 

Andrussow? has described the physical and bionanc conditions 
of the Black Sea as follows: Beyond the shallow margmal waters 
of Goo feet depth there is no bottom-living life (benthos), while in 
the surhcial fresher waters down to about 730 feet there is'a more 
or less great abundance of floating, usually microscopic, open-sea 
forms (plankton) and the larger, free-swimming life (nekton), col- 
lectively also spoken of as the pelagic biota. This upper layer of 
freshened water and its peculiar life conditions are brought about 
by the enclosed nature of the deep basin, the inflowing of immense 
quantities of less dense fresh water that remains at the surface or 
1s there evaporated, and a deep-seated, partially competsating cur- 
rent of salt water from the Sea of Marmora through the strait of 
Bosporus. It is estimated that it takes about 1,700 years to renew 
the entire salt-water content of the Black Sea. 

Because of these differences between the lighter surface and 
the heavier bottom salt waters, there is no vertical streaming nor 
convection currents beyond 750 feet of depth, and therefore no te- 
plenishing of the deeper marine waters with the oxygen that is so 
necessary for the maintenance of bentlinic life. At the depth of 
600 Feet, hydrogen sulphide begins to form (33 ¢.c. in 100 liters of 
water) and increases rapidly with the depth to 3,000 feet (570 ¢¢,) 
and then more slowly to the bottom of the sea. The formation of 
the HS is in the main due to the sulphur bacteria. Hand in hand 
with the increase of the H.S goes the decrease of the sulphates in 
the sea water and the precipitation of the carbonates and tron sul- 
phides, 

That the aeration of marine waters, and also the generation of 
sulphuretted hydrogen may be better understood, a digression into 
the studies of oceanographers becomes necessary. The atmospheric 
gases, oxygen and nitrogen, are absorbed at the sea surface more 
abundantly in cold than in warm latitudes, and the quantity absorbed 
is again variable under varying pressures and chemical conditions 
of the water. This complex subject, too long to state here, may be 

2" Mer Noire.” Guides des Excursions, VU" Cong. Géol Internat, 
St. Petershourg, 197. Art: AXTX. 
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studied in Krummel’s “Handbuch der Ozeanographie," 1, 1907, 
pages 292-317. Furthermore, the amount of oxygen is increased 
when there is an abundance of assimilating plants, as in the areas 
of the sea-weeds and diatoms. ‘The gases are then distributed by 
the general water circulation to most parts of the oceans and even 
into the greatest depths. In general, there is an abundance of 
oxygen down to 350 feet, but in the tropics it is wanting in the 
greater depths of the shelf seas. ‘The oxygen is corisumed by the 
animals and by various hydro-chemical processes and consequently 
diminishes in quantity as it is carried down from the surface and 
over the bottom, but the quantity of nitrogen remains constant. “Sir 
John Murray states further that in the streaming open ocean of 
today there is usually an abundance of Oxygen ¢ven at the greatest 
depth, due to the-sinking heavier and colder polar waters, but this 
is not the case in partially enclosed seas which are more or less cut 
off by barriers and where the water is said to be “ stale,” and in the 
deeper layers of which vertical circulation ic restricted. 

Similar stagnant conditions “prevail in several Norwegian 
‘threshold fjords,’ or on a smaller scale in the oyster-" polls.” In 
such places the bottom jis thickly covered with Organic matter; a. 
slimy black mud is formed, swarming with bacteria that procuce 
sulphuretted hydrogen, which spreads through the water, combin- 
ing with the oxygen to form various sulphates, This causes the oxy- 
gen to decrease and finally to disappear altogether, when the sulphur- 
etted hydrogen begins toappear free insolution, It gradually spreads 
upwards, until the water is devoid of oxygen and cottains free sul- 
phuretted hydrogen, at a depth of only 100 fathoms in the Black 
Sea, and in the oyster-basins in autunm often at merely a couple of 
meters below the surface. In summer the “botiom-water’ of the 
oyster- polls” hes stagnant, but in the course of the 
winter it is generally renewed by the supply of comparatively heavy 
water from without; then the sulphuretted hydrogen disappears 
and the oxygen returns, producing thus an Aantal change in the 
gaseous conditions of the deeper parts of the oyster-' polls,’ 
autumn the state of things may become critica] 
which are suspended in baskets at a depth of 4% 


aunt ane 


In 
for the oysters, 
= meters; it hap- 


To) SCHUCHERT—BLACK SHALE DEPOSITION, Onn 


pens occasionally that the anmmals all die at this time by suffocation 
through want of oxygen or by sulphur poisoning.” 

Johnstone states that “In some parts of the sea, as for instance 
in the "dead grounds’ of the [very shallow] Bay of Kiel, in some 
parts of the Black Sea, and perhaps in parts of some of the Nar- 
wegian fjords, where the water circulation is defective, and where 
there may be a deficiency of oxygen, very remarkable bacteria are 
to be found. These-are the sulphur bacteria, the occurrence of 
which is not, however, confined to these habitats. In the places I 
have mentioned sulphuretted hydrogen is evolved from the decom- 
position of dead organic matter, and this sulphuretted hydrogen, 
to us a -vilely smelling and poisonous gas, is utilized as food sub- 
stance by the bacteria. Such a microbe as Beggiatoa takes in the 
5H, and oxidizes jt so thatthe sulphur is deposited in the cells of 
the bacterial colony, and the hydrogen appears as water. This is 
the form of assimilation of the organisms. Then some of the sul- 
phur this resulting from the-decomposition of the SH, is oxidized 
to sulphuric acid. This is the form of respiration of the organism, 
it requires some source of nitrogen for the formation of its living 
proteid and this it obtains from the minute (uanitities of ritrates 
and nitrites which exist in solution in the water in which it lives, 
But it requires very little nitrogen compound, for whereas a higher 
animal may require to oxidize some of the living nitrogenous tissue 
of its own body in order to obtain its chery, the sulphur bacterium 
oxidizes the-sulphur stored in jts cells as the result of the assimi- 
lation of the SH, Thus the proteid part of the cell is protected 
from waste, and the minimal quantity of nitrogenous food-stuff 
sultces.” 

Krimmel! states that the troughs of the Baltic Sea renew their 
ileeper water irregularly and periodically. In the Rigen and Born- 
alm troughs (about 325 feet deep) the renewal takes place at 
least once and more rarely twice each year, in the Danzig trough 
(about 325 feet deep) nearly every year, and in the deeps off Got- 
land and in the Gulf of Bothnia usually only after many years, 
All these troughs get the new deeper water from the western Belt 
sea and more rarely also from the Oresund east. of Denmark. 

*Sir John Murray, "The Depths of the Ocean," yor, pp, 257-258 

*" Conditions of Life in the Sea," 1909, p. 264, 

PRA AMEE, PAK SOC. LIV. 218 8, PRINTED AUG, 24, 1955, 
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To return to the Black Sea and tts sediments, these are of 
three categories: (1) from the shore to about 120 feet occur the 
accumulations of sandy detritals; (2) fram 120 to 6oo feet is 
found a gray-blue sticky ooze, often replete with small fragile shells, 
mainly of Modiola; and (3) in the greater depths the bottom is cov: 
ered with (a) a tough, sticky, black ooze, with much precipitation 
of iron sulphide, an abundance of diatoms and fragments of the 
youngest stages of bivalves, all of which organisms are from the 
plankton, and (/) the dark blue ooze poor in iron sulphide and 
richer in the finest-grained CaCO,, which in places forms thin 
banks, and an abundance of pelagic diatoms. Zones 1 and 2 alone 
have benthonic organisms, with the greatest abundance between 
210 and Goo feet; the latter is the zone of Modiola phaseolina and a 
great variety of bivalves and gastropods (68 species occur in the 
shallower waters). 

The Kupferschiefer sea, like the Black Sea; had bottem waters 
with alout the average normal salt content, as proved by the typical 
Zechstcin invertebrates. However, because of the lack of oxygen 
and the high content of sulphuretted hydrogen and CO, an abun- 
dant bottom life was impossible, That the top water of the Kupfer- 
schiefer sea was also fresh is proved by the wide distribution of the 
freshwater fishes in the secliments, the widely uniform spreading of 
the thin zone of shale, and the presence of land plants and land 
vertebrates, If all the water hail been salty, the fine muds should 
have been laid down in a narrow zone bordering the margin of the 
sea, and this js not the case in the Kupferschiefer sea The slow 
decomposition of the organic remains (mainly the plankton) and 
the lack of oxygen in the depths led further to the formation of the 
bitumminotis content {from 6 to 20 per cent.). 

As the Black Sea goes down to 7,360 feet, the question must tne 
asked > What was the depth of the Kupferschiefer gen? A positive 
and exact answer can not be given, but the small thickness of the 
shale over wide areas, combined with its intinmte and variously 
motlified connection below with the Zechstein conglomerate and 
above with the Zechstein dolomite, and its shallow-water life. show 
that “it is a deposit of the shallowest and shallower sas” To 
the reviewer, the depth seems to be well within that assigned the 
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continental shelf seas, #. ¢., less than Goo feet. The freshwater 
covering Pompeck] thinks was thin. 

Just as in the Black Sea the marginal fresh waters are deposit- 
img sands and other littoral sediments that are free of bitmen, so 
in the Rupferschiefer sea there is some evidence of marginal sands, 
sandy and clayey limestones, and regions tree of metal sulphides. 

Later, the black sea of Permian time gradually changed, first 
locally and finally everywhere, into the limestone~lolomite or Zech- 
stein sea, still, however, an inland sea but devoid of muds and 
bituminows materials. %In the shallow regions nearer the shores 
arose recis of bryozoa, but at best the Zechstcin sea, even when in 
widest connection with the ocean, had a small and monotonous 
fauna. 

In an earlier paper Pompeckj’ discusses a similar deposit, the 
zone of Posidonomyva bronnit of the Upper Lins of Germany, It 
seems desirable to cite also some of the details given in this paper, 
because they are somewhat different from those concerning the 
Permian. The deposits are fissile, calcareous, bituminous, dark 
shales rich in iron pynte. Locally there are also horizons of sand- 
stone, barren of life, and lnyers of stinking limestone. These de- 
posits are found in northwestern. Germany (about go feet thick) 
and France. 

In Germany (Swabia and Franconia) the fossils consist of 
(liatoms and coccoliths, hom sponges, very rarely 4“ sea-urchin, 
crinids (sometimes with stalks over 50 feet long), a few forme of 
brachiopods, about 15 species of bivalves: (of which the only com- 
mon one is Posidonomya bronm, but this very thin-shelled form 
is at times exceedingly abundant; also Psendomonotis substrata, [no- 
ceramus dubius, Pecten contrarius), and tarely a gastropod or crus- 
tacean (Tryon), Besides the common bivalves mentioned, there 
ire many amimonids, belemnids, sepins, fished (selachians, many 
ganoids, teleosts), ichthyosaurs, plesiosaurs, and crocodiles. With 
the marine: forms are associated drifted land plants: (cycads, amd. 
often a great alwindance of conifer logs, now carbomized), beetles, 
and dragons of the air (pterosaura). 


©” Die Jura-Ablagerungen zwischen Regensburg « Regenstanf,” Geog- 
ia. Jahreshetien toot, XTV. Jaliry., pp, 17-186. 
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It is apparent from the above that the common fossils are here 
again those of the nekton (saurians, fishes with most of the ganoids 
probably of fresinwater habitat, belemmnids, sepias) and drifted 
land plants: Of the benthos, only a few species of bivalves are: 
common, and, while the ammorids are also bottom-dwellers and 
occur commonly as fossils, their empty shells were probably drifted 
into. this biack sea. ‘The erinids were also drifted in, for the only 
specimens found attached ate on conifer wood, hanging head down- 
wartl; otherwise roots of these pentacrinids do not occur. 

In general it may be said that the Liassic deposits and the habitat 
of the fossils of the time of Posidonomya brouni agree best with those 
ofthe present Black Sea. Since this is true, it follows thatthe physical 
conditions of the bronni sea must have been very much like those 
of the Black Sea, 7. ¢., it was a Liassic Black Sea inte which drained 
rivers, causing the surface waters to lie more or Jess freshened, and 
Winging lind plants, logs, and ganoid fishes. However, there are 
also marked differences, chief ammng which is the far les amount 
of decomposition of the soft parts of ichthyosaurians and Sepins, 
of which fleshy paris are often preserved, a condition that never 
occurs in the Kupferschiefer. Finally, the abundance of the Linssic 
bivalves potnts to the shallow waters of the Modiala ooze of the 
Black Sea, and therefore to depths of less than Goo feet. 

It seems to the reviewer that the present Black sea, with its 
great depth and widespread foul conditions, is an exceptional 
example, and that in all of its features it may have no fossil ana- 
logue. The Kupferschiefer and P, bronnj seas tlong with the 
American Ohio sea of Upper Devonian tine and the Chattanooga 
sea of the Mississippian period appear to agree with the essential 
conditions of the Black Sea, except as to depth, All of the fossil 
Black Seas appear not to have been deeper than Goo feet, 

Foul bottoms are clearly due to a lack of water circtilation, either 
because there is no wide connection with the oceanic areas or = 
cause there are inadequate vertical or convection currents, The 
latter conditions may have been more abundantly attained in warns 
climates than in cool ones, due to the fact that the heavier colder 
waters sink to the bottoms and so oxygenate them, Iq this the 
present is the exceptional condition when compared with most of 
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Feologic hme. Tn such Shignant areas, be they small or large in 
ares, or shallow or deep, the oxygett is soon consumed by the or- 
Fatiisms of the benthos and the depths become stale and lifeless: 
As the sulphur bacterin are ever present, but thrive best in the 
atalé bottoms, they soon take the ascendancy there and fill’ the 
Waters with an ever greater quantity of sulphuretted hydrogen, pro- 
vided they are furnished with the dead erganisms an which to fecal 
and thus to increase in number, On the other hand, the sun-lit, 
aerated surface waters are the realm of the green and assimilating 
mucro-plants, the free alge, which convert the inorganic carbon 
ilioxide into their organic bodies, and these upon their death rain 
into the deeps to farm the essential food of the bacteria of the foul 
bottoms. 

That depth of water js not the first essential for the production 
of foul bottoms has been shown by the examples cited (almost from 
the surface down), but it does seem that large areas must have 
depths greater than 300 feet, for otherwise the high waves ger 
erated by the storms would set wpa vertical circulation and so at 
least periodically replenish the oxygen and take away the fotil gases 
of these depths. Therefore it woulid seem that Black Seas of large 
size should be deep (300 feet or more) and land-locked basins 
whose oceanic connections are more or less eut off by submerge! 
harriers. Smaller areas are the elongated troughs anid rounded 
‘holes below the general level of the sea floors, while the smallest 
and shallowest areas are the bays that are more or less separated 
from the seas hy closely approaching headlands, banks, and bars, 
or the marine swamps that are filled with cel-grass, mangroves, and 
other modified land plants. 


ON THE RATE OF EVAPORATION OF ETHER FROM 
OILS AND ITS APPLICATION IN OIL-ETHER 
COLONIC ANESTHESIA. 


By CHAS. BASKERVILLE, Pa.b, FCS 
(Read april 23, 7973.) 


It is conceded that the anesthetic agent must get into the blood 
for distribution and for eventual elimination, whatever theory of 
general or central anesthesia one may support. The anesthetic 
“agent has normally been introduced into the blood by inhalation or 
Hitravenously. It is normally eliminated manly via the lungs. 

The intestinal mucous membrane of vertebrates is well known as 
an efficient transmitter of gases 'to and from the blood. Pirogoff? 
appears.to have heen the first to mention the administration of ether 
by this route. Liquid ether was used imtil Magendie gave warning 
a6 to the danger of its use and ether vapor was substituted. During 
the same year Roux, y'Yhedo® and Duprey* employed liquid ether. 
OF HqueoUs: mixtures to induce complete anesthesia. Although 
Pirogolf’s enthusiasm prompted him to predict the supplanting of 
the inhalation procedure by the rectal method, references to it dis, 
appeared from the literature until 8&4 Then Molliére* revived in- 
terest m the method by psing a hand hellows for forcing the ether 
vapor into the intestine. Variations im the technique were intro- 
diced during the same year, but the experiences of Vversen, Harter, 
Bull,* Weir,’ Wancher® and Post® showed more or fess diarrhea 
P Recherches. pratique et physiologigues wr etherieation.” St. Peters: 
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and melena a5 after-effects. ‘These after-effects, which one case of 
death directly attributable to the procedure, cause: the method to 
again fail in securing serious recognition until 1903 when Cunning- 
ham’ employed air as a vehicle for sweeping the ether vapor into 
the colon. In 1909 Leuguen, Money and Verlinct* used oxygen as 
the vehicle for the ether vapor. Buxton" in his splendid bool on 
“ Anesthesia” says that he found the procedure most satisfactory for 
certain operations, for example, those having to do with the month, 
nose, ete, but he remarks “Deaths have occurred.” Sutton's® in- 
troduction of a return flow tube for these gases introduced and un- 
absorbed constituted a distinct advance in anesthesia by colonic ab- 
sorption, 

in an effort to avoid certain: well-known difficulties in intravenous 
anesthesia, Gwathmey experimented with mixtures of normal saline 
solution and ether per rectum. The concentration of ether in the 
aqueous solution was so small that excessive volumes of liquid were 
necded, and furthermore the ether parted from the solistion so very 
rapidly that experimentation along those lines was abandoneil. 
Gwathmey then applied a solution of ether in olive oil. As oil and 
ether make perfect solutions m all mixtures, it was his hope to re- 
duce the total bulk of the fluid introduced into the colon by using 
a stranger solution of ether in oil than is possible with any known 
aqueous mixture. As oils-are lubricants; it was also hoped) to 
avoid the irritation of the mucous membrane previously noted. The 
ether may always be separated from the oil by warming, but unless 
the temperature of the mixture is suddenly raised to an excessively 
high pomt, the ether passes off deliberately, It was thoteght that 
the evaporation of the ether would induce some cooling of the mix- 
ture with a consequent checking of the evaporation and its absorp- 
tion. “These premises coupled with slow absarption by the colon in 
comparison with the rapid elimination by the lungs would auto- 

“Connmgham anil Leahy, Boston Med. wad Surg. J. April ao, wes; 
Hide also Dument, Correspond. Bi. §. Schweitser Aersic, 1003: rong; 1908; 
Krugeline, Wieser Min. Weck, Dee, 10d, 

Compl, rend. See, Mial., Jume, 1000. 

=" Anesthesia,” London, teo7, 


For full accomit of technique and literature, see * Aneathetig,” by 
Gwathmey and Baskerville, Appleton, New York pp. garts7, tol. 
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matically regulate any anesthesia that might be induced in this 
manner. Asa result, Gwathmey presented a paper before the seven- 
teenth International Medical Congress in London in 1gt3 on the 
work with animals done by himself-and Wallace. 

At the request of my co-laborer, Gwathmey, I undertook an in- 
vestigation on the rate of evaporation of ether from oils to secure 
the following information that might be of service to him in his 
further application of his ideas with human subjects: 

1. A comparison of the nite of evaporation of ether from dif- 
ferent mixtures of ether and the same ail. 

2, A comparison of the rate of evaporation of ether fram the 
same per cent. muxtures of different oils and ether. 

3: The influence of surface on the tate of evaporation was de 
termined. 

‘As the result of much preliminary experimentation, the follow- 
ing mode of procedure was settled upon, Large glass tubes were 
calibrated to 1 ce. from 20 ¢.c. to 105 ¢.c. The mixtures of 25, 50 
and 75 per cent. of oil and ether were carefully placed in. the tubes. 
The tubes were weighted with lead and placed in-a thermostat, 
whose temperature was 20 regulated as not to vary more than 
+0.03* C. from 37° C., the same hemng controlled by a toluene + 
mercury temperature regulator. All commections: (gas, water, etc.) 
were made with lead pipe for safe use aver night, as occasion arose. 
The water in the bath was stirred by a system of paddies and shaft 
operated through belt and pulleys by-a-small hot air engine. ‘The 
tubes were immersed in the bath to within 2 em, of the tops. Dur- 
ing the first five minutes two readings were made in each case to 
get the highest point to which the volumes expanded upon heating 
up to 37° C, After that teadings were tare every five mintites 
for two or three hours. 

‘Since the evaporation of any liquid depends upon the partial pres- 
sure of that liquid at its surface, the higher the glass wall above the 
surface of the oil-cther mixture, the heavier the colunm of: ether 
vapor Testing on the surface of the mixture, the slower: will be the 
evaporation, consequently the different oil mixtires with the dif- 
ferent percentayes of ether were experimented with in the same tube 
filled to the same height in each experiment, 
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In the experiments to determine the influence extent of surface 
played upon the rate of evaporation, the same precautions were 
taker as to height of walls of the containing vessels. In the largest 


areas worked with, this involved using as much as 600 cc: of the 


mixture. As the 75 per cent. mixture hail been found most satis- 
factory clinically, this was deterntined with that mixture only. 


The ether used was that prepared under my supervision and was 


O7 per cent. absolute with 3 per cent. absolute alcohol, being free 
from acids, aldehydes, and water, 

The oils used were of three types, vegetable, animal and mineral, 
being respectively, olive, cotton seed, corn, peanut and sova-bean: 
cod-hver and lanolin (anhydrous); and Russian mineral oil. All 
the vegetable oils, except olive, were refined by a process devised by 


P77). mites 
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the author’ and were neutral. The other oils were purchased in the 
open market. 

The experimental work was carried out by Mr. Hyman Storch, 
under my direction. 


~ Ohawtes 





Cuasr If. 


The data obtained for the 25, 50 and’ 75 per cent. mixtures veve- 
tiible and animal oils are shown graphically in Charts I. IL and 
HY, In. the curves the abscissae. show the jitreentage of ether 
evaporated (based on volume measurements) and the ordinates line 
of the evaporation, 

Chart IV. (selected at random fron charts ttade for each ail) 
shows the difference in-rate of evaporation 25, 50 and rE: per cone 
mixtures with one oil, 


we Refining Oils.” Oil. Paint and Dewy Reporter, May, 1915. 
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Chart V. shows the effect of increased surface on the rate of 
evaporation, ‘One oil only was selected to show the principle, which | 
is: the rate of evaporation bears a direct ratio to the suriace exposed. 

These experiments were made in glass, hence they de not dia- 
close all the factors in the conduct of such mixtures in contact with 
the walls of the colon, for there the principles of osmosis and if- 
fusion are involved. But these observations demonstrated several 
striking facts: 





Cant IT]. 


I, While ether boils at 34.6° C, it does not escape violently 
from an oil-ethet mixture, as from an aqueous mixture when the 
mixtire is heated higher, namely, to the body tenmperature of 37° C. 

2. The rate of separation of ether from the oil quickly acquires 
a definite and fairly fixed speed, 
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The significance of this conduct cannot fail to be of great im- 
portance, for by this means the proper content of ether may be main- 


























oer ween Tyee Th Stearate 
mietiebieiand diel tat z pene ILLRLIS bab ian TFIFIE ! Lari ae i + rT I! L ; 
aid inti Sf eceretsestststel etre He itiataia a Bisetiasa E idaaee Ata Seer ieee! 
a Eres Ts etotetetatetetel itbstars ote fHEEt Taps ipset swe eso rp eta ) 


jake 
ASSL saicterer Pett fase y EPSE, SETEpeRE Ehie 
‘sins: Sie | EEREINN SAS: ire Aine 
SELES rretatian emia ea 
Hecbtieedl asl TE PPE i Oy 


. ateceeesoee | eo) 
if fererreee ay 
E[TI aig ward earetetee pet eet shail? sat 

Hsiah td EvR eared tee iteeeatet cap Gel 
£ asst Es Bilimieliios ———— tet mt +8 


aia ldeitsistat i ISR SET Sait 
sat siatatitetiiere tote see aiatata: oer feos 






























iB . a ai ; 
: Hacks etstorat ei Sen Pea atel eet nae i lt ; it 
rant LIL EEIEy attested tetas 2 pELatHt 


santeiaia ais 
qeticistihes: 



























— (Hoe ee — 








be Wisin fered 4 : bus IE ie 
t Sg eter iE ce a He ne 

" stin SUSIE SHE a 
Saier fas geil TEE : a take i Late 
iat rt SVSTITTET EM peg hl Vie HES : 
nia? eitnienet sent F nut ue Bat i SSHHH! i - LEE: 

Be fea DIC ott ereee lee estat itt ot 














hel eli 
oe 





ebb ee ee Ie 
ae Hara SER ii 
a ot riety felt Sec iais i isielgmrnt bi j 
ela AE InISUMaTIn Tc eprssetisi ae | 
SfetE atadt ats MUSH i 
nae eee Hise tsditith | 























—a ae ae Sra STerel 


a Figfsgte “ 7 reratete 4 


HHS He 
peg i oa Hota peadeaee a 
Pre re Had ot be oie vo fo | miki ebm ds bbe ene | To 
aH Has: a siahstcip at 
fs 
















saci Ge if Aine HE 
cTETESTETEH | tibiae ‘tone Lin it i 


i & i 
ist ah ye ak Seley ere 
“ LIEGSUEI HEM Tet 35:| 
RILGET SIL eter ti 


fs totat ote: Htsttt 
a rial iikindbeictenbatad ed 
aidiititniigininticsctio tas! 





TRiGTE 12 in 
Stat 


























, 
ot 


i 
Ti rere E a 






N13 PEIELELLAE Bt Titsti feres 
: PTH Lupstsiae ta oid et 
Li 29S be beers fs es Pee ed a he ei 











tainer! in the blood to produce any desired physiological effect that 
has a quantitative relation thereto, for example, the third or surgical 
stage of anesthesia." 

‘Fhe last mentioned has been demonstrated clinically by Wallace, 
who found respiration and blood pressure fully taintained, and 
Gwathmey and others with records to date of about 1,600 human 
cases. So far, not a case of post-ether pneumonia has been encoun- 


In thit connection it may be stated that about go mils of (a rs per 
cent. mixture to 20 the. of body weight is ailministered os an enema. 
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tered, The after-effects usually associated with mhalaton ones- 
thesia, unless indyced by the most improved modern technique, are 
virtually absent, including post-anesthetic nausea. Its tse for 
special cases involving the head, breathing passages, ete., 1s superior. 
Although having had the privilege of attending clinics, I am not . 
qualified to pass judgment upon its value, but from what I have 
learned, if necessary, “ Give it to me that way.” 

CoLime or tee Cov or New Your, 2 





PROCEEDINGS 


AMERICAN PHILOSOPHICAL SOCIETY 





HELD AT PHILADELPHTA 
FOR FROMOTING USEFUL KNOWLEDGE. 





‘Vor. LIV Skrremuer, 1915 | No, 210 





SYMPOSIUM ON THE EARTH: ITS FIGURE, DIMEN- 
SIONS AND THE CONSTITUTION OF ITS 
INTERIOR. 


16 


THE INTERIOR OF THE EARTH FROM THE VIEWPOINT 
OF GEOLOGY: 


By T..\C CHAMBERLIN, 
(Read April 24, rors.) 


For some time past there has been a marked drift of geologic 
opittion from the older tenet of a molten earth toward the convie- 


tion that the earth is essentially solid. This haz been quite as ninch, 
tue to the contributions of bined sciences as to the growth of 
feologie evidence, but this has maile its important anid concurrent 
contributions, | 
The great granitic embossments that constitute the most dis- 
tnetive feature of the oldest known terranes were formerly re- 
‘garded as solidified portions of a primitive molten earth and scetr vil 
to serve #s witnesses of the verity of the former liquid state. A 
few years ago, however, it was deterniitted—almost. simultancously 
in-several countries where critical studies on these formations were 
* The discussion af this topic at the session of the Soctety was without 


Manuscript or notes and this paper, prepared some weeks later, is lees a 
reproduction of the original discnssion than 4 suliatitute for i. 
PROC. AMER. VHIL. $0C., LIV. 219 1, PRINTED sxPr. 4, 1015. 
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in progress—that these granitic masses are not only intrusive but 
that they were thrust into formations that had previonsly been 
formed at the surface of the earth. These: surface formations have 
thus come to stand as the most ancient terranes now known. These 
earliest accessible depositions imply the preéxistence of a substan- 
tia] foundation formed at a still earlier date. Neither of these 
gives any clear intimation that lower formations are different from 
themselves. So far then as the record rune back, it testifies to sub- 
stantial solidity in the outer part of the globe at least. The record 
implies, indeed, that molten matter was-then present within the earth, 
but it gives no certain measure of the ratio of the molten to the 
solid-part, There 15 no determinate evidence that a molten conddi- 
tion was-a preponderant state, even in the interior, at any stage cov- 
ered by the lithograplic record. The interior conditions of the 
earliest stages that antedate the lithographic record are to he reached 
only by indirect and remote rather than direct and immediate in- 
ference. (Under the infivence of mherited. presumptions, tt may 
seem to many still probable thot the mterior of the mntire earth was 
ance dominated by «a molten condition at some remote singe, lit 
the phenomenn of powerful inthrusting, so often shown in the im- 
trusions of the igneous element into the carly terranes, seems to 
imply that at the Archean stages the molten element wa in the 
strong grasp of such stresses as are natural to a. tigid globe and 
was therefore then but a minor and passive factor, not a controlling 
one. 

When itis considered that, if the earth were once wholly molten, 
the material for all the stratified rocks of later ages must have been 
derived: from the primitive crust after it was formed ond forced 
inte positions of erosion—or from matter exiruded through it—the 
absence, according 10 present knowledge, of any great area of rocks 
bearing the distinctive characteristics of the congealed surface 
greatly weakens the assumption that the postulated molten state 

A study of the stress-conditions of the interior of the earth 
seems to call for-a similar reversal of the inferences onte draw 
from the igneous rocks. From the earliest well-recorded ages, the 
exerior of the earth has given evidence of broad topographic reliefs 
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in the form of great embossments and basins. ‘These surface con- 
figurations must have conditioned the localization of extrusions and 
the deployment of the effusive material. If the lavas arose from a 
general and abundant source of supply which was responsive to 
general and powerful stresses, vestiges of this vital relation should 
be found in the volume and deployment of the lava Aeods. If, on 
the other hand, the molten material was but a fraction of the en- 
viratiing mass, variously distributed through it, the result should 
be amultitude of driblets squeezed out here and there in stich special 
situations as the controlling: stresses required, or else forced into 
weak portions of the carth-body where the stresses were less im- 
perative, Now there is abundant geological evidence that the earth: 
hody has heer subjected at repeated intervals to strong compressive 
stresses by which its outer portion has been folded into mountainous 
ranges, or pushed up into great plateaus, while masses of continental 
dimensions have been raised, relatively, to notable heights, and the 
hottems of basins and deeps have sunk reciprocally to even ereater 
relative depths. The internal. stresses which these deformations 
imply should Hiave made themselves felt proportionately on any 
great mass of liquid in the interiotr—if it were in existence—and 
extrusions propartionate to the great deformations of the rigid ma- 
terial’ should have: acconipaniedl such diastrophism, But, while 
liquid extrusions took place somewhat freely at the times of grent 
chastrophism, it was not, at least in my judgment, at all commen- 
surate with the deformative stresses implied by the distrophic re- 
sults tm the solid material, 

Nor was the concentration af the extrusions indicative oi origin 
front a molten interior or from great residual reservoirs of liquid 
rock. Hf-such anwple sources of liquid had existed they might natur- 
ally have been expected to have given forth, unidler the great stresses 
then seeking casement, correspondingly great floods of luva. Yet 
no single lava flood seems to have attained more than an extremely 
small fraction of the mass of the earth or of the known solid matter 
of its region. Even when the sam total of the most massive series 
of successive floods ina given region are taken together—though the 
successive issues stretched over a consideralile periol—they rarely 
rise above a most insignificant fraction of earth-mass or even of the 
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regional segment of it with which they are associated. Instead of 
really massive flows, implying ample sources of supply and great 
forces of extrusion, the record shows rather a multitude of little 
ejections or injections of more or less sporadic distribution, The 
logical inrplication of these is the preexistence of a multitude of simall 
liquid spots, or liquifiable spots, scattered widely through the stressed 
-earth-masses and yielding to stress as local conilitions required. 

This inference is supported by the great variations m altitude at 
which lavas are given forth, The most impressive illustrations of 
this are found in current volcanic action whose relations in altitude 
are precisely known. So far as ancient coniitions can be restored, 
they appear to fall into the same general class as existing conditions. 
Current outpourings of lava range from the sea bottoni to altitudes 
of many thousands of feet above sea level, a vertical range of several 
miles. Txtrusions occur at these. significantly diverse altitudes 
simtiltaneously or alternately or in almost any time-relations, anil 
sometimes in the most marked independence of one another in spite 
of the natural sympathy of such events in a-common stressed body. 
A multitude of facts of detail, some of which are singularly cogent, 
mnply that the lava sources of present volcanoes are disconnected 
from one another m the interiot,. and hence independent inaction, as 
a rule, though sometimes they show sympathy without showing 
liquid connection, The sources of lava seem to be meager in gen- 
érul, and the eruptive agencies seen to be controlled by narrowly 
local conditions, ‘There is an absence of evidence that the lavas in 
the eraters and necks of volcanoes are parts of great liquid masses 
below, responsive to the common stresses of a large region: 

Thus geological evidence, when eritically scrutinized, sceme to be 
distinctly adverse to the existence of even large reservoirs of molten 
matter within the earth: it points rather to the presence of scattered 
spots, very small relatively, on the verge of liquefaction, which pass 
by stages into the liquid form and are then forced aut by the dif- 
ferential stresses that abound im the earth body, each such local final 
fying center commonly giving forth driblets of lava and gas, at in- 
tervals, none of which often rise to more than an extremely minute 
fraction of the carth mass or even of the subterranean mas con- 
tiguous to the volcang, 
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A revised view of the nature and location of carth-streeses seems 
also toa be required by what i¢ now known of earth-conditions. 
Under the former dominance of the tenet of a molten globe, it wis 
natural to assign to the sttess-differences of the earth a distinctly 
superficial localization and lintitation; they were thought to be af- 
fections of “the crust” almost solely, Hydrostatic pressures were 
of course recognized as affecting the deep interior, but these were 
obviously balanced stresses, they were ineffective in deformation. 
The stresses supposed to give rise to the great reliefs of the earth's 
surface were thought to be wery superficial. But the stresses mm- 
pote! ly known deformative agencies are not all superhcial, nor 
wre their intensities always greatest at the surface, According to 
Sir George Darwin, the stress-difierences generated in the earth by 
the tidal forces of dhe moon are eight times a9 great at the center 
of the earth as at the surface. So also, according to the same 
authority, the stresses engendered by changes in the rotation of the 
earth are cighi times as great at the center os wt the surface and are 
praided between center and surface. The tidal stressalifferences are 
rélatively feeble but are perpetually renewed in pulsatory fashion. 
Those that arise from rotation belong to the highest order of com- 
petency, The stress-difference that would arise at the center of the 
earth from a stoppage of the earth’s rotation, would, according to 
Darwin, reach 32 tons per square inch. Changes of the rate of rota- 
tion dre almost inevitable when great diastrophic readjustments 
take place, Such periods are to be regarded as critical times at 
which great floods of lava: should be poured forth from the m- 
terior if liquid material were there in great volume ready to respond 
to the changes of capacity which the deformation of the earth's sec- 
tors and the change im the spheroidal form would mevitably impose. 

Not to detain you with other considerations, the foregoing seem 
best to comport with an essentially solid state of the earth's interior, 
if they do not point rather definitely to such a state. Even if they 
stood alone, they would seem to make-a prevailing solid state the 
most tenable working hypothesis, 

But they are far from standing alone; the geological evidences 
are strongly supported by considerations-that spring from several 
kindred lines of inquiry, The testimony of astronomic evidence 
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has Been given by Dr. Schlesinger. The import of seismic studies, 
the subject of Dr. Reid's contribution, lends very special suppart to 
the wew that the interior of the earth is elastico-rigud at least to the 
extent that distortional waves have been shown to pass through its 
interior, It seems certain already that this condition prevails 
tiroughout much more than half the volume of the earth: concern 
ing the rest, the deep interior, the seismic evidence is perhaps still 
to be regarded as indeterntinate. But on the seismic evidence it 
does not fall to me to dwell. 

The tidal studies of Hecker, Orloff and others lend support to 
the tenet of a ‘tigid earth but they fall somewhat short of con- 
clusiveness, The brilliant experimental determinations of Michel: 
san: and Gale, correlated with the computations of Moulton, have 
carried the evidence to the point of preliminary demotistration. 
They need only to be adequately repeated and verified to become 
final, so far at least as elastic rigidity can he indicated by the re- 
sponse of the earth-body-to solar and lunar attractions. The special 
feature of most critical value in the demonstrations of Michelson 
aiul his colleagues is the high degree of elasticity shown by the 
almost instantancous response of the earth to the distorting pull of 
the nde-producing bodies. This cuts at the very base of concepts 
founded on the supposed properties of a viscous earth. “These tidal 
(terminations of elasticity are in close accord with the seismic 
evidences. of elasticity, The two ure happily complementary to one 
another. The one deals with the earth as 4 whole under rhythmical 
serics Of increasing and diminishing stress-differences Springing 
from external attraction; the other deals in an intensive partitive 
way with earth substance hy sharp short stresses thar call into action 
its most intimate structural qualities. While ip is wise. no doubt, 
to refrain from resting too nmuch on these early reaults of relatively 
new and radical lines of inquiry, until their results shall be more mb 
ture, their prospective import is radical and decisive in favor of a 
solid earth not only, tut of an tlasticoe-rigid earth. Assuming that 
the present import of these tmquiries will be amply justified by ‘mare 
mature research, it is pertinent ta bring into consideration the corol- 
lary they so distinctly imply, yix.: that the molten and viscous ma- 
terial in the earth, or at least in its. outer half, if not throughout 
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its deep interior, is negligible in general studies, and enters. into 
general terrestrial mechanics only asa subsidiary feature, [It seems 
necessary to limit liquid and viscous licunm—aii there are lactunat in 
any proper Sense at all—to such moderate dimensions that they do 
not seriotisly kill out distortional waves passing through the outer 
half of the globe in various directions ; for seismic instruments show 
that these waves retam ther integrity with surprising tenacity 
through long traverses. It seems equally necessary to limit the 
liquid and viscous factor rather severely if ihe interior structure ts: 
to be consistent with so prompt a response of the earth to twelve- 
hour stress-pulics as to imply almost complete elastic fidelity. 

In the light of these determinations, strengthened not a little by 
their concurrence with the fater geological determinations, the work- 
ing hypotheses of ‘the carth-student can searcely fail to give pre- 
cedence to dynantic tenets founded on a rigid earth. 

The limitation of liquid and viscous matter, thus imposed, quite 
radically conditions all tenable views of magmas and of vulcanism, 
and thas bears upon the igneous nature of the interior. No small 
part of petrologic effort in past decades has been spent on the dif- 
ferentiation of magmas. To a notable degree these efforts have pro- 
ceeded an the assumption, conscious or unconscious, that differen- 
tiation took its departure from an original homogeneous magma 
such as might arise from residual portions of a molten earth. In- 
definite lapses of tine, and auch conditions of quict as are naturally 
assigtable to residual reservoirs-of lava, have been freely assumed 
as working conditions without much question as to ther reality. 
Uniler the hypothesis of a molten earih passimg slowly into a par- 
tially solid earth, and retaining residual lacune of molten matter 
as an meident of the change, these assumptions. are quite natural, 
On the other hand, under the hypothesis of a pervasively mgid 
earth, affected by stress-conditions that are constantly varymg. in 
intensity and in distribution—and subject to more radical changes 
at times of periodic readjustment—the existence of such residual 
maginas becomes at Jeast questionable, perhaps improbable. Still 
more qtestionsble is-the assumption that the multitude of little 
liquid spots supposed to arise within the elastico-rigid mass, always. 
have conformed to one type or set of types. The inherent proba- 
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bilities of the case seem to pomt strongly to wide Variation in nature 
due to selective solittion or differential fusion. The lquefying 
action that brings magmas into being, under this view, is: presum- 
ably controlled by the same chenzcal and physical principles as the 
soliditying phases of the same cycle. The logical presumption is 
that at all stages of a magma’s career from its inception through 
its growth, climax and decline to its final solidification, selective 
action. will be in progress more or less and that no stage will be-en- 
titled to be regarded as original or parental in a special sense, such 
a sense for example as might be appropriate if the lava were the 
residue of an inherited original state and were merely differentiated 
by fractional crystallization as it passed toward solidification, 

While these contrasted views of the history of magmas are 
naturally connected with views of the genesis of the earth, they are 
not limited.to this relation, They are inherent in the very tela- 
tions of solid and liquid matter and have 4 more or less important 
place irrespective of the earth's genesis. 

An clement of no small importance to a revised concept of the 
interior of the earth has arisen from geodetic studies on the distribu 
tion of densities within the earth. As the geodetic paint of view 
is to he presented by its foremost exponent, Dr. Hayford, it 1s per- 
missible for me merely to refer to certain geologic bearings. 

On the assumption that the earth waz once in a molten state, the 
inference is unavoidable that a perfect state of isostatic equilibrium 
was originally asstimed by the surface, and: that its conferuration 
wis at first strictly spheroidal. The material mist have been ar- 
ranged in concentric layers according to specific gravity and each 
layer should have had the same density at every point. All such 
reliets of the earth’s surface, and all such differences of aperific 
gravity in the same horizon as have since arisen, must have been 
‘superinduced upon this originally perfect isostatic surface. With 
good reason therefore these inequalities have heretofore been stip 
posed to be relatively shallow. On the hypothesis that the earth 
grew up by heteroperieots accretions, it is an eqtially natural in- 
ference that differences of specific gravity extend to great depths; 
In an. endeavor to find out the bearings of geodetic data on the dis- 
tnbution of densities, Dr. Mayford tested four asstimptions, all of 
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which he found measurably. compatible with his geodetic data, 
From these he derived the respective depths of 37, 76, 100 and 1790 
iniles a3 the horizons to which differences of density extended and 
below which they vanished or became negligible. Now. all these 
depths are greater than had beet assigned for probable differentia- 
tion.in. the traditional molten earth. On the other hand, the highest 
hgure, 179 miles, was derived from a curve drawn. specifically to 
represent the probable distribution of densities in an earth of plan- 
etesimtal growth. The distribution represented by this highest 
figure hts the geodetic data quite as well as cither of the other as- 
sumptions of distribution, though drawn ona strictly naturalistic basis 
If it could be said that geodetic data Uemonsirate that the actual di€- 
ferentiation of specific gravities has its sensible limits somewhere 
between 37 and 179 mules below the surface, such considerable depth 
would ¢cistmetly favor an aceretionary oryin as against a molten 
origin, Buta conclusive determination is yet to be reached by geo- 
detic inquiries. 

While it is possible, within the broad terins of the planctesimal 
hypothesis, to suppose that the rate of accretion was so fast as to 
give rise to a molten planet, such a result seems to me extremely 
improbable under the actual conditions-of the case, The growing 
planet shoulil have become capable of holding a considerable almos- 
phere by the time it attained one tenth of its present mass, ¢. ¢., 
about the mass of Mars. After this the protective cushion of the 
atmosphere should have greatly checked the plunge of the planetesi- 
mals and largely dissipated them into dust in the upper atmosphere 
where the inevitable heat of impact would be promptly radiated 
away. The dust presumably floated long and came gettly to earth, 
s0 that, while the total heat generated by impact was large, the tem- 
perature of the carth body was probable mever very high during the 
later stages of growth, and perhaps not at any stage of growth. 
Following out a4 well as may be the probable rates and conditions 
of growth, the most tenable concept of the state of the earth's in- 
terior under the planetesimal hypothesis ts as follows: 

The condition of the muclear portion supposed to be formed from 
one of the knots of the parent spiral nella and constituting a minor 
fraction of the mass of the earth, say thirty or forty per cent., is 
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left indeterminate by present lack of knowledge of the physical state 
of the knots of spiral nebula. If these are gasequs—which is ren- 
dered doubtiul by their lack of strict sphericity—the nucleus was 
doubtless originally molten. If the constituerits of the knot were 
helt in orbital relations, their aggregation might have been slow 
enough to pernut a solid state of even this portion. The matter 
aided to the nucleus as planetesimial dust, or as planetesimals re- 
duced in mass and speed by the atmosphere, probably retained tts 
solid condition, with negligible exceptions, throughout the process 
of accretion except as selected portions passed into the liquid state 
ail became subject to extrissive action. An intimate heterogeneity 
naturally prevailed throughout the whole mass so aggregated. A 
selective process, however, probably brought in the heavier matter 
faster and earlier than the lighter matter, for the magnetism of the 
earth should have aided gravity in gathering in the magnetic metals- 
while the inelastic planetesimals, predominantly: the heavy basic 
ones, when in collision destroyed the opposing ¢amponents of their 
motions amd hence yielled to the earth's gravity sooner than the 
more elastic ones.. Relatively high ¢pecific gravity in the material 
of the deep interior is thought to have arisen at the outset and to 
have been increased by the selective vulcanism that came inte action 
as growth proceeded. Special emphasis is laid on the selective 
nature of vulcanism under this hypothesis. The intimate tixture 
of planetesimals and planesesimal dust pave rise to a multitude of 
mitite contacts between particles of different chemical and physical 
properties anil hence there arose wide differences in the solution 
points, As the temperature in the growmep planet rose, the more 
soluble portions passed into the liquid state by stages long before 
the remaining larger portion reached the temperature of solution. 
In a stressed globe certain of whose stresses are more intense to- 
ward the center than toward the surface, the solutions worked in 
the direction of least resistance, for them generally outwards; car- 
tring heat of liquefaction and leaving the less soluble larger portion 
behind with temperatures inadequate for further liquefaction until 
there was a renewed accession of heat. The mechanise thus aute- 
matically tended to remove the most soluble constituents by progres- 
sive stages, while it tetided to preserve the solid condition of the 
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diain mass. “The hypothesis thus supplies a working mechanism 
whose results fall into full accord with the states of the interior 
implied by tidal investigations and by seismic data, while the pos- 
ruilated distribution of specific gravities accords: fairly well with 
geodetic determinations, as they now stand. 

The adaptation of such an carth to isostatic adjustment can 
scarcely lie more than hited at here. The growth of the earth 
should have given it a concentric structure, while its highiy distribu- 
Hive vuleanism, together with some of its deformative processes, 
should have given a vertical or radial structure, the two conjoining 
to give a natural tendency to prismatic or pyramidal divisions con- 
verging toward the center, The most powerful of all the deforma- 
tive agencies, rotation, required for the adaptation of the earth to 
its changes of rate, such divisions of the earth-body as would re- 
spond most readily to depression im the polar and bulgmg in. the 
equatorial tracts reciprocally, As urged elsewhere, this accommo- 
dation seems best met by three pyramidal sectors in cach hennsphere 
with apices at the center and bases at the stirface, the sectors in 
opposite hemispheres arranged alternately with one another. Very 
siniple motions of these sectors‘on their apices at the earth’s center 
watild satisfy the larger demands of rotational distortion, while the 
sub-sectors into which these tajor sectors would naturally divide, 
as stresses required, would easily accommodate the nicer phinsts of 
adjustment. This’ primitive segmentation to cet rotational de- 
manids—which were most urgent during the stages of infall—fur- 
nished a mechanism suitable for the easement also of a portion of the 
Weformuational stresses that arose from other sources, among them 
gravitative stresses arising from loading ani! unloading by erosion 
and sedimentation, .A gravitational adjustment by the wedging up 
and down and laterally of such sectors is thus offered tentatively as 
4 working competitor to theories of adjustment by uidal or quast- 
fiuidal undertow, The necessary brevity of this statement leaves 
this new hypothesis little more than a crude suggestion that gravi- 
tative adjustment (—=isostnsy) may perhaps take place as: tully 2s 
the case requires in a highly rigid elastic earth without resort to 
flowage or even quasi-fowage. 

Tay Usiwensity oF Ceicacs, 
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CONSTITUTION OF THE INTERIOR OF THE, EARTH 
AS INDICATED BY SEISMOLOGICAL 
INVESTIGATIONS: 


By HAREY FIELDING REID. 
(Kead April #4, 0075.) 


In #883 Milne predicted that earthquake disturbances would be 
registered by seismographs at great distances from their origin, a 
prediction first verified when the earthquake of April 18, 1889, 
whose origin lay off the coast of Japan, affected the horizontal 
pendulum which von Rebeur-Paschwitz had set up at Potsdam to 
study the attraction of the moon. Milne was so convinced of the 
correctness of his idea and of the importance of the results to be 
obtained that in 1893 he established an observatory on the Isle of 
Wight to record earthquikes from distant regions; and he also suc- 
ceeded in having instruments of similar model set up at observatories 
very widely seattered in various parts of the world. 

Wertheim m- 1851 showed that a disturbance in the interior of 
an tlastic solid would break up into two groups of waves, longi- 
tudinal and transversal, which would be propagated at different 
rates, and as their velocities are so great that they cannot be sepa- 
rated from each other in the laboratory he suggested with rare 
fisight that their separation might first be noticed in connection 
with the propagation of earthquake disturbances’ A few years 
later Lord Rayleigh showed that a third kind of wave could be 
propagated along the surface of the carth* Scismologists naturally 
looked for incications of these three groups of waves in their 
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seismograms, but it was not until 19e0 that Oldham succeeded in 
showing definitely that the scismograms of a number of Milne 
instruments gave clear evidence of the existence oi three groups of 
waves. Oldham alse published a diagram, which was an extension 
of Seebach’s so-called “ hodograph,” showing the relation between 
the time of transmission of each group and the distance from the 
earthquake origin, measured along the surface of the earth. Milne 
‘soon improved these curves by adding observations of a large num- 
ber of recorded shocks.* The general forms of the transmission 
curves are shown in the disgram. It will be seen that the curves 







Minutes of ‘Tint 


of the first and second “ preliminary tremors,” as Milne called the 
first two groups of waves, are curved, indicating that the velocity of 
transmission increases with the distance from the origin: a con- 
elusion which had already been drawn from earlier, but less ac- 
curate, observations. Milne attempted to explain this by assuming 
that the path of the seismic disturbance lay along the chord and not 
-along the earth's surface; this practically shortens the distance to 
the observing stations, and if the curves are plotted, with distances 
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measured along the chord, the curvature is considlerably dimintshed; 
but later and more accurate observations show that even under this 
assumption the velocity still increases with the distance. The con- 
clusion is unavoidable that as the path of the disturbance sitiks 
deeper into the earth the velocity increases. The interior of the 
earth then is not a homogeneous but a refractive medium, and the 
path of the disturbance cannot be straight Init must be curved with 
the concavity turned upward. This condition had been described 
by A, Schmidt as exrly as 1888* Scismologists now believe that 
the three groups discoveretl by Oliliam are respectively the longi- 
tudinal, the transverse and the surface waves. The transmission 
ceuorve of the latter is a straight ime indicating that the waves are 
transmitted with uniform velocity along the surface of the carth, 
They have: affected seismographs. after having passed completely 
around the earth. It cannot be said thar the cvidenece, that the 
first two groups are respectively longitudinal and transverse, is ¢om- 
plete ; butit is sufficient, in connection with theory, to muke seismolo- 
gists fairly confident that the conclusion is correct; and the passage 
of transverse waves through the earth to great depths ia proof that, 
to those depths, the earth ts solid; for traneverse waves cannot exist 
in a hquid. Further, since the velocity of tranemission depentls on 
the ratio of the elasticity to the density of the medium, and since 
both the Jongitudimal and transverse waves increase in velocity with 
the depth below. the surface, both the elasticity of wolume and the 
elasticity of figure of the earth, not only increase, but increase more 
rapidly than the density as we penctrate below the surface, The 
earth therefore ts not only ngid, but tts rigidity increases: towards 
its center; though seismological evilence dues pot yet prove that 
this characteristic extends to the very center itself. 

The next step was to determine the path of the waves in the 
earth and their velocity at different depths; the data for these 
determinations were the times of arrival of the earthquake waves at 
various distances from the origin; these times are collected in the 
transmission curves, At first sight this seems an insoluble problem; 
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tat, thanks to a remarkable mathematical theorem of Abel, it ts not. 
It ts clear that the time of arrival of an earthquake disturbance at a 
distant station will depend on the path followed and the velocity in 
different parts of the path, and if we make the reasonable assump- 
tion, which is borne out by observation, that the velocity is every- 
where the same at the same depth, then it is evident, if the velocity 
increases continuously with the depth, that the transmission curves 
will be contimuons without breaks, and their curvatures will! no- 
where ninke a sudden change. The mathematical solution of the 
problem has been obtained by Wiechert, Bateman and others, and 
concrete results have been obtained by W iechert and his assistants, 
sn that we now know the paths of the waves and their velocities with 
a fair degree of accuracy, at least to a considerable distance below 
the surface. Hut the questions arise: do the velocities increase 
continuously with the depth; and if so, how? questions which 
could be answered by the study of perfect transmission curves; but 
even imperfect curves yield some information ; which, however, may 
be so faulty that it must be received with great caution, Milne, who 
has done such excellent pioncer work in seismology, was the first 
to propose and attempt to answer these questions. He thought the 
transmission curve could be satisfied by supposing the earth to con- 
sist of a solic core having a radius-of nineteen twentieths of the 
earth’s radius, and surrounded by o thin shell. The core was of 
uniform density: and elasticity, so that the velocity of propagation in 
it was. uniform, and the paths of the mays would be straight hnes. 
The velocity in the ‘shell was mmch less than in the core. These 
conditions satisfied fairly well the very imperfect transmission curve 
of 1902, but they may be dismissed without further comaderation, 
for stich an earth could not satisfy the astronomic requirements, 
which exact, at the same time, the proper mean tlensity and mo- 
ment of tmertia, 

Benndortt in 1906 thought le found evidence of a central core 
of about four fifths the earth's radius, surrounded by two shells, 
the outer one having the same thickness as Milne’s." | In the sime 
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year Oldham deduced from. the transmission curves @ central core 
of not-more than four tenths the earth's radius in which the velocity 
was distinctly less than in the surrounding shell.’ Neither of these 
arrangements have been shown to conform to the astronomic re- 
quirements. QOldhami’s conclusions are based on what he considers 
a distinct break in the transnussion curve of the transverse waves 
at distances between 120° and 150° from the origin; but when we 
remember that fully 95 per cent. of the energy of an earthquake 
shock comes to the surface within the hemisphere having the origin 
as its pole, we see that the data for great distances niust be too im- 
perfect to yield very reliable deductions. 

Many years ago Roche showed that it was quite possible to 
determme a distribution of density in the earth which would. be 
discontinuous at several levels, but which would still be astronom- 
leally satisfactory. Wechert, in 1897." showed that sach a‘system 
might consist of a central core of radius about 4,000 km, or three 
fourths of the earth's radius, consisting of iron with a density of 
about 8.3, surrounded by a stony shell about 1,500 km, thick and 
with density varying from 3103.4. Tt was natural that he should 
examine the transmission curves to see if they supported his ideas: 
and at the Hague mecting of the International Seismological Asso- 
ciation in 1go7 he announced that they did. At the Manchester 
meeting of the same association in 1911 he announced the existence 
of two shells around the central core, In 1914 Gutenberg (one of 
Wiechert’s assistants) announced the existence of three shells" In 
addition to ordimiry times of transmission, Gutenberg also used the 
times at waves reflected at the earth's surface and the variations in 
the amplitude; itis evident that a wave which crosses the boundary 
of the core will experience reflection and refraction; and whichever 
part is later observed at the stirface of the earth will have a iis. 
wise ae the Interior of the Earth, Quart, Jour, Geol, Sor, 7506, 
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tinctly smaller amplitude than the wave which just missed penetrat- 
ing mto the core. The following table shows the positions of the 
boundaries of the shells and of the core, and the velocities of the 
longitudinal waves P and of the transverse waves S: it will be: 
noticed that it is only at the boundary of the central core that any 
marked sudden change in velocity occurs. 


Veloc. km. /sec. 
fiepeh, ime, a 

o IAF “or 
potW 11.80 6.59 
1700 23 oy 
13-29 7-33 

= Aiaie =.) 
enh tare f 720 
= { B50 472 
ba7o L110 6.15 


The remark regarding Oluham’s results applies also here, numely 
that it is questionable whether the observations at distances greater 
than (o0” or {20° are sufficiently accurate to justify such defhnite 
eonclusions.. Gutenberg had the advantage, however, of more ac 
curate observations than Oldham, and also of measures of ampli- 
tides. ‘There is no a prieri reason why the earth might not be made 
up of a number of shells, but there should be satisfactory evidence 
for any proposed systent; and it must be shown to satisfy the 
astronomic requirements; Gr, at least, not to contradict them. 
Gutenberg’s system does not correspond with Wiechert's systent of 
(867. In the Intter a marked change in physical properties occurs 
at a depth of 1,500 km.; in the fornier, at a depth of 2,000 km.: aru 
in crossing into the core, the ratio of the elasticity to the density, 
according to Gutenberg, rapidly loses six tenths of its value. This: 
change might be the result of a great increase in density or a great 
decrease in elasticity; it may be questioned whether the former is 
compatible with the astrononiic requirements, and whether the latter 
is compatible with the high rigidity which we know the earth, as a 
whole, has. So far no answer lias been given to these questions. 

In 1879 George and Horace Darwin attempted to determine the 
rigidity of the earth by measuring the deviation of the vertical under 
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the attraction of the moon, If the earth yielded like a fiuid, its 
surface would always remain at right angles to the vertical, and a 
pentlulum would remain relatively stationary for all positions of the 
moon; if the earth were absolutely rigid, the moon's attraction would 
deflect the pendulum an extremely small amount, but an amount 
capable of being measured. The Darwins did not obtain defmite 
results because the disturbances of their pendulum were ereater 
than the deflections they attempted to determine, 

A little later von Rebeur-Paschwitz attacked the same problem 
with better success, using a horizontal pendulum. 

Hecker, m Potsdam, and Orloff, in Dorpat, have repeated von 
Rebeur-Paschwitz’s experiment: and both found Values for the 
average rigidity of the earth comparable with that of steel. But. 
what was most remarkable and what is still unexplained, ihe rigidity 
was apparently greater in-an enst-weet than in a north-south diree- 
tion, Orloff, experimenting at a greater distance from the ocean, 
found a smaller difference than Hecker did, anil it has Neen eur 
gested that the tides'of the ocean are the cause of the difference. 
The International Seismologica! Association, at its Manchester 
meeting in 111, made pluits TO repeat the experiinents in Paris, itl 
central Canada, inthe middle of Soythern Africa and in the middle 
Of Russia; lait no reports Have yet come from these stations, 

In the autumn of 1013, Michelson attacked the sume problem by 
anew method, which seems capable of yielding more accurate 
results than the horizgntal pendishon, He measured the deflection 
of the vertical tnder the influence of the mican bv what was prac- 
tically <a water level 500 feet len, stink <ix feet in the earth," 
Michelson's results tor the E-W rigidity slo not differ greatly from 
those oF Orloff: Last he A-5S Tipeititty 1S BONE wy het less than Orloff’s. 
Michelson’s. experituents-also ‘shiow that the viseosity of the earth 
must be 26 great as that of steel, ‘These experiments are of preat 
imerest; they should lic repeated at varios places, aril cepecially 
at plices symmetrically situated with respect to the great oceans, 
anton mid-oceanic isinrls. in order to determine how -_ they are: 
affected by the oceanic tiles, | 
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We can aah ic —. Sat the transmission of transverse 
earthquake waves shows that the earth ‘as -solid; at: lenst-to a: great 
iy OW the surface ; and that experiments on the deflection. of 

tica’ show. that it is quite ae ioe La us viscous as. steel. 





THE EARTH FROM THE GEOPHYSICAL STANDPOINT. 
Ry JOHN F. HAYFORD., 
(Read Apnil 24, nore) 


This is a broad topic on which much intensive thinking has heen 
done by many men, It is impossible to treat it adequately or com- 
préehersively in the short time available. 

In this-address an.attempt will be made to 20 concentrate atten- 
tion on a certain few points as to tend to clarify existing ideas and 
to correlate them. An attempt will also le made to help itl lmcating 
the lines of Jeast resistance to future progress in the study of the 
earth. 

The size of the earth, as well as its shape, is now known with 
such a high degree of accuracy that the errors are negligible in 
comparison with the errors in other parts of our knowledge of the 
earth, The probable error of the equatorial radius is less than 
1,/ 300000 part, and of the polar semi-dinmeter 1s about the same. 

The three physical constants of the earth, and of its different 
parts, on which you are_now asked to concentrate your attention 
are the density, the modulus of elasticity, and the strength, 

It 1s important to know as much as possible abort the density. 
The inore one knows about the density in all parts of the earth the 
mote surely and safely one may proceed in learning other things 
about the earth. 

The modulis of elasticity at each point in the earth controls the 
‘behavior of the earth inder relatively small applied forces. 

The strength of the earth, at each paint, 26 mengured by the 
stressulifference at that poimt necessary to produce either slow cud 
tinuous change of shape or rupture, decides the behavior of the 
earth under the greater forces applied to it 

As to. density we know that the carth’s surface density is about 
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2.7, that the density probably increases continuously with increase of 
depth, that the density at the center is probably about 11, that the 
meun density Is about §.6,.and that within a film at the surface of a 
thickness of about one fiftieth of the radius of the carth there is 
isostatic compensation which is nearly complete and perfect as be- 
tween areas of large extent. 

The manner of distribution of the isostatic compensation with 
respect to depth, and the limiting depth to which it extends are but 
imperfectly known, Nevertheless-it appears that above the depth, 
122° kilometers, the compensation is nearly complete even though 
there may be some compensation extending beyond that depth. 

Two general lines. of evidence are: available m determining the 
modulus of elasticity of the earth, that from earthquake waves, and 
that from earth tides. 

There are many inherent and extreme difficulties in the way of 
securing. reliahle evidence as to the modults of elasticity frot 
earthquake waves, 

To 1913 the accuracy of available observations of tides in the 
solid earth was insufficient to furnish a basis for reliable conclu- 
sions. Nevertheless the estimates of the modulus derived trom 
these early observations were a fair approximation to that given by 
the very recent and much more accurite observations. 

Dr. Michelson and those associated with him in the observation 
of earth tides at the Yerkes Observatory since 1914 have developed 
a method of observing which js of a néw order of accuracy such 
that the minute changes of inclination ata given point due to earth 
tides may be determined with an error of less than one per cent. 

These observations make the modulus of elasticity of the earth 
asa whole about like that of solid steel, namely (8.6) (10 CGS). 

Tt is the modulus of elasticity of the earth as a whole which ts 
mreastired in this case. 

It is eminently desirable to determine if possible: whether the 
modulus of elasticity varies with increase of depth: The Michelson 
apparatus possibly opens the way to stich a determination. Sup- 
pose that the apparatus is used on the shore of the Bay of Fundy. 
Twice aday a large excess load of water is placed in the bay by the 
tidal oscillition and as frequently the water load is reduced below 
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normal, The stresses produced in the body of the earth by these 
changes of load applied over an area only about 30 miles wide are 
probably confined almost entirely to the first 100 miles of depth. 
The magnitude of changes of inclination produced at an observing 
station on the shore by the changing water load would, therefore, 
be dependent primarily on the modulus of clasticity of the material 
below and around the bay toa depth of less than 100 mules. The 
observations might serve, therefore, to determine a modulus of elas- 
ticity of the surface portion of the carth mther than of the whole 

Turn now to the third of the physical constants which it was 
proposed to examine, mamely the strength. 

Among the forces. which we may consider as furnishing tests of 
strength are: (1) the forces invalved in carthquikes, (2) the weight 
of continents, and (3) the weight of mountains. 

The forces which produce the more intense earthquakes evi- 
dently cause stress-ciiferences locally which are bevond the break- 
ing strength of the material. However from earthquakes: we may 
obtain fut lithe information as to the strength of the earth material 
because the intensity of the stress-differences cannot be reliably de- 
termmed. We know simply that the intensity exceeds the breaking 
strength of the material, at the pointe of rupture, | 

[It is tneertuin how preat are the maximum stress-differences 
produced by the weight of continents. One great difficulty in com- 
puting these stress-differdnces arises fron) the fact that the iso- 
siatic compensation of contents, how known to exist, reduces the 
stress-differences much below what they would otherwise be, Love 
computed the maximum stress-differences thus reduced as .o7 ton 
per siuare inch. Darwin computed the greatest stress-difference 
duc-to the weight of the continents, without isostatic COMPANSALOM, 
as 4 Tons Per square inch, If each of these computations were based 
upon assumptions which correspond closely with the facts one should 
be Warranted in Urawing the conchision that the maximum stress-rlif- 
ference caused by the actual continents supported in part by the actial 
tgostasti¢ compensation is between OF and 4 tons per square ich, anid 
that itis much nearer to the smaller than to the larger value, Buta 
close examination of either of these computations showsthatit isbasedl 
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upon assumptions made to simplify and shorten the computations, 
which assumptions depart wilely fram the facts and tend strongly. to 
inake the computed. stress-differences much smaller than the actual. 
For example, both Darwin and Love used m their computations 
hypothetical continents represented by regular inathematical forms 
inthe place of the actual continents with ther many irregularities. 
The maximum stress-difference caused by the actual continents is 
necessarily much greater than woulll be produced by the assumed 
smoothed out, regular, symmictrical continents. 

Similarly, no adequate computations have been made to deter- 
ttine the maxiinum stress-ifference die to the mountains. Darwin 
computed the maximum stress-difference produced by two parallel 
mountain ranges, of density 2.8, rising 13,000 feet above the inter- 
mediate valley bottom, to be 2.6 tons per square tech. Love, for 
the same mountain ranges, hut with isostatic compensation taken - 
into account, computed the maximum streselifference 10 be 1,0 ons 
per square inch. In this case the computation indicates that the 
isostatic compensation reduced the maximum stress-difterence fo 
but little more than one half what it would otherwise be. Here 
again both the computed maximum stress-differences have been 
greatly reduce: by siibstituting hypothetical smoothed-out moun- 
tains inthe place of the actual irregular unsymmetrical minani atts. 

‘To the person who is trying to geta true picture of the presetit 
stule of stress in the earth, two very important facts are made evi- 
dent by a comparison of the Love and the Darwin computations. 
First. the existence of isostatic conynitation greatly reiluces the 
strees-ilitferences which would otherwise be produced by the weight 
of the continents and mountains, Second, the depth at which the 
maximunr stress-ilifference tends to occur is evidently very imtch 
less with isostatic compensation than without it, These two con- 
clusions, hased on the differences between the tvo compntatiotts, 
ure apparently reasonably aafe even in spite of the same wild 25- 
sumptions on which both the computations were based, 

Note that even a little information as to the ¢istribution of 
densities—a little information about isastatic commpensation—pro- 
foundly modifies the conclusions as to the state of stress in the earth. 
It should, therefore, be clear why it was. 20 emphatically stated in 
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an ¢arlier part of this address that information as to the distribu- 
tion of density in the earth is mecessary in order to make safe 
progress in learning other things about the earth. 

fs the earth competent to withstand without slow yielding the 
stress-differences due to the weight of continents and mountains, 
the isostatic compensations being considered? From the compmta- 
tions by Darwin and Love, considered in the light of the assump- 
tions made by them ta siniplify the computations, I estimate that 
it is probable that the actual mountains. and continents with all 
their irregularities of shape and elevation possibly produce stresé- 
differences in some few places as grealas four tons per square inch, 
and certainly produce stress-lifferences:at many places as great as 
two tenths of a ton per square inch. The material would certairily 
yield slowly under such stress-differences especially when they per- 
sist continuously over long periods of tinie and throughout large 
regions. Four tons per inch is the breaking or ruprure load for 
good pranite, one. of the strongest materials existing in the earth in 
large quantities, Two tenths of a ton per square inch is the safe 
working: load used by engineers for good granite. ‘There is abun- 
dant evidence from laboratory tests that the so-called yield point on 
which the engineer bases bis estimate of safe working load for a 
given material is a function of the lengih of time the load js applied 
ant the delicacy of the test. The longer the time of application ani 
the more refined the test to determine the permanent yield the lower 
the observed yield point. In the cause of the test in progress in the 
earth the time of application is indefinitely long and the test is ex: 
tremely refited inasmuch as the minimum rate of yielding which 
may be detected js exceedingly small. 

Ii an engineer wishes to know whether a bridge, or foundation, 
or building, or railroad rail is. yielding under stress-differences 
which have been brought to bear upon it he louks for evidence of 
distress, for rivet heads popped off, scaling from the surface, 
settling, cracks, or even changes in microscopic structure. The 
geologists have made very extensive corresponding examinations of 
the earth, Everywhere they find evidence that the earth has yielded: 
On the one fourth of the earth's surface exposed to examination; 
the land, there is no part for which the evidence does not indicate 


wis) THE GEOPHYSICAL STANDPOINT. 303 


past uplift, or subsistence, or horizontal thrust, or cracking under 
tension, or cracking produced by shear, or microscopic yielding in 
detail siich as produces schistosity for example, or some other form 
of past yielding to stress-differences. The physicist studying the 
earth, must take this overwhelming mass of evidence into account 
‘and nmmst conclude that the earth habitually yields siowly to te 
stresesiifferences brought to bear upon it, Please note that I do 
not assert that the streéss-differences are all due to gravity. 

d propose now to state what-are in my opinion probably the lines 
of least resistance to future progress in studying the earth from the 
physical standpoint, | propose to outline what T believe to be the 
most effective methods of attack, and to mdicate some of the concli- 
sions which will probably be reached. 1 led to this procedure 
by two considerations. First, | find it possihle to state certain of 
my Opinions as to the net outcome of past investigations most clearly 
in that form—and time presses, Second, T indulge the hope that 
such an outline which is frankly an expression of judgment based on 
evidence much too weak and conflicting to be proof, may possibly 
kindle the imagination: of some man or men, and so lead to vig- 
erous attacks upon the problem and to future progress, 

In attacking the problems of the carth one should assume at the 
outset that the phenomena exhibited-are very: complicated, that they 
are proliably due to various simultaneous actions, and that the 
various actions are probalily closely interlocked, modifying each 
other, though some are probably primary in importance and others 
strondary, Hence the most effective method of attack is probably 
one which includes a general correlation of ayiparently witlely sep- 
arated ideas and facts gathered from physicists, engineers, geol- 
ogists, chemists, ete,, and at the same time includes intensive attacks 
in detail on one after the other of single features of the problems 
which arise and an intensive working out of the possible conse- 
quences of said features. 

It ehouk! be recounized at the outset that no observed behavior 
of the earth cleirly warrants the assumption that the material of 
which it is:composed differs radically in-any way from that acces- 
ible ‘at the surface, Tr should be-assumed, therefore, that through- 
out the earth the materials are a mixture differing from the mixture 
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found -at the surface only.as the extreme pressure and temperature 
conditions at great depths directly and indirectly produce diiterences. 

It should be kept clearly in mind that the geodetic evidence from 
observations of the direction and intensity of gravity inilicates 
siunply the present location of attracting masses, the present distri- 
bution of density. It furnishes no direct evidence whatever as to 
past distributions of density, or as to changes in density now in 
progress; But an understanding of the present distribution of 
density within the earth, especially near the surface, is so necessary 
to. a true understanding of the present state of stress and of viscous 
flow in the earth that an understanding of the geodetic evidence is 
fundamental to progress, 

Computations should be made im extension of those which have 
been made by Darwin and Love. The new computations should, 
however, teal with the actual irregular continents: and mountains, 
not with regular substitutes. The computations should also take 
into account the bulk modulus of the materials conmposing the earth, 
that is these materials should be assumed to be compressible. Such 
computations will no dowbt be both difficult and long. 1 believe 
that even a moderately vigorous attack along this line will shaw con- 
clusively that the earth docs not behave as an elastic body uniler 
the large loads superimposed upon it by the continents and moun- 
tains. JT believe that the computed. stress-differences will be found 
to he so large that the cotnputation will be essentially a proof of 
viscous yielding, 

Next make the contrasting assumption that the material compas= 
ing the earth is competent to withstand but little shearing stress, 
and that the pressure at any point js that due to gravitation seting 
on: the mass in the column extending from the point vertically to the 
surface. Let it be assumed that isostatic compensation exists. is 
uniformly distributed with respect to depth, anid js complete at 
depth 122 kilometers. Consider the actual topography and form a 
mental picture as accurately as possible of the viscous flows which 
would take place on the assumption that at each level the material 
would flow horizontally from régions of vreater pressure to regtons 
of less pressure along lines of maximum rate of change of pressure, 
and that the time rate of such viscous flows would tend to be pro- 
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portional to the space rate of change of pressure, The flows would 
all be found to be away from beneath high regions toward low 
regions, from continents toward oceans, from) mountains toward 
valleys. 

After such a picture has been clearly formed assume that the 
isostatic condition is disturbed by long-continued erosion and depo- 
sition producing changes in the surface clevations and surface loads. 
‘(On the same assumptions as to the nature of the viscous flows as 
‘before, forn) a new picture of the viscous flows which would now be 
in progress, [t will be found that under the mew conditions the 
viscous flows near the surface would still be away from high areas 
and toward low areas, but in general they would lie slower than 
before, At-eréater depths, however, it will be founil that the vis- 
cous flows would be undertows from regions of recent deposition 
toward regions of recent erosion. These undertow flows: would in 
general tend to be in the direction apposite to recent surtace trans- 
portation of material, This picture would serve-as a first approxi- 
mation to an understaniling of the mechanism of isostatic readyust- 
ment. The mndertows would be found on these assumptions to 
extend to a.considerable depth, certainly more than 122 kilometers. 

Next one should picture the changes in density which would be 
produced by the visconz flows. The density should be pictured as 
decreasing in regions frow which material is being curried away by 
the flow and increasing in regions to which the nimterial is bemg 
vacried, Tt will be noticed as soon as such a picture is formed that 
every undertow How at any level tends to equalize pressures at lower 
levels This will have a strong tendency to make the prevailing 
undertows occur at much higher levels than they otherwise would, 

Let it be assunied that the viseows material offers: some small re- 
sistance to shear and still has elastic properties toa slight degree. The 
coniition assumed. originally that the pressure at a point depends 
simply upon the weight of the material above that point will be dis- 
turbed thereby, Form as clear a conception as possible of these dis- 
turbances and the modifications of the flows produced by them. I be- 
lieve the modifications will be found to be important, and that they 
will be found te be such as tend to confine the effects of surtace 
changes of load to a depth which is a small fraction of the radius, 
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So much for the direct effects of gravity which it seems im- 
portant to picture clearly. Next study other effects, some of which 
are indirectly protuced by gravity. 

First study the modifving effects of changes of temperature. 
Wherever viscous flow takes place in the quasi-solid portions of the 
earth there heat is necessarily developed im amount equivalent to the 
mechanical enerey expended in overconung the resistance to flow. 
This will tend to increase the volume of the material, to increase 
the pressure, and to raise the surface above the region of viscous 
flow. It i= probable also that the increase of temperature will tend 
to weaken the material, thus emphasizing the weakening produced 
by the damaging mechanical effects of the flow. 

This temperature effect 15 probably locally unportant. 

Beneath areas of recemt deposition the temperature of a piven 
part of the buried material will slowly increase for long periods of 
time, on account of heat conducted up from below and prevented by 
the new blanket of deposited material from rising to the surface so 
freely as before. Conversely, beneath the areas of recent erosion 
the temperature of a given portion of material will decrease. The 
ultimate limit-of change will tend to be in each case not greater than 
about one degree Centigrade for each thirty-two meters of depth of 
erosion or adleposition. These temperature changes tend ultimately 
to lower areas of recent etosion and to raise areas of recent deposi- 
tion, possibly as much as one thirtieth of the thickness of the erosion 
or deposition—the temperature effect taking place much later than 
the erosion or deposition which initiated it. 

Study next the effects which may be computed from the bulk 
modulus of elashcity. Beneath areas of erosion a piven particle of 
_ matter tends to rise by an amount which may be computed from the 

bulk modulus of material, and sinmlarly a particle tends to fall be- 
neath an area of deposition, 1f the depth to which the elastic phe- 
nomena extend is as great as 122 kilometers and the bulk modulus 
ig 500,000 kilograms per square centimeter (corresponding to. 
granite) the rise or fall of a particle near the surface will ter to 
bevat least 1/s50th part as great as the thickness of the material 
eroded or deposited, This is a change so large as to have consid- 
erable effects in modifying or magnifying the actions which would 
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Ula: estimate here given. Ofc course if the erosion:or riipositioalt tales 
place in a small area only, such elastic response will be largely in- 
hibited by surrounding material on which the load has not been di- 
rectly changed. But under large areas of erosion or deposition sach 
action must take place and extend to depths possibly as great as 122 
kilometers. | 

Study next the modifying effects, on the phenomena already pic- 
tured, Of chemical changes which are probably produced m the carth 
hy changes of presstre. The expression “chemical changes” is 
here used in the broadest possible sense. A relief of pressure at: 
any piven point in the earth necessarily favors such chemical 
changes as are accompanied by increase in volume and. reduction 
of density, Increase of presstire tends to have the reverse effect. 
Such changes tend to reinforce and extend in time the effects just 
referred 10 which may be computed from the bulk modulus of elas- 
ticity. It is important to estimate such changes as well as possible 
from all available evidence, such for example as that furnished by 
chemists, by geologists, and by such investigitions of rock forma- 
tion as Kave been conducted at the geophysical laboratory in Wash- 
ington. I believe the possible effects of this kind will be found to 
be so large as to be of primary importance. 

Evidence has accumulated during the past few years which 
makes it reasonably certain that with increased pressure, as at the 
great depths in the earth, the rigidity and the viscosity of the 
material also necessarily Increase, This fends to catise the viscous 
flaws to take place at. higher levels than they otherwise would. 
This should be taken into account, 

‘Next 4 redxamination of the conceptions so far formed should 
be made to ascertain to what extent aud how they would be modified 
if one started with some other reasonable assumption as to the limit- 
ing depth of present isostatic compensation or some other teason- 
able assumption as to the Jaw of distribution of the compensation 
with regard to depth. 

Next full and extensive comparisons shoul! be made between 
the hypothetical phenomena on the one hand pictured as made 
up primarily of viscous flows, modified by some elastic effects, int- 
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tiated in part by surface transfers of load, modified by changes of 
teniperature, modified. by chemical changes and in the other ways, 
and on the other hand the facts of the pastas to the behavior of the 
earth recorded in the rocks and read by geologists and others. This 
caompanson should be used to the fullest possible extent to evaluate 
the relative importarice of the various elements in the actions. 

In making this comparison of various hypothetical phenomena 
with the great accumulated aiass of geological facts it should be 
recognized at once that it 1s false logic to reason that if a given 
hypothesis does not account for all the observed facts the hypothesis 
is necessarily erroneous, On the contrary it is true logic in dealing 
with such a problem as the earth seen from a physical standpoint 
to reason that the more facts are accounted for by a given hypothesis 
the more certain it is that said hypothesis is a statement of a con- 
trolling element in the complex phenomena and then to study the 
facts which appear neutral, or conflicting; with reference to the 
hypothesis, considering them as indicators of other eleinents of the 
phenomena which one should attempt to embody in other supple- 
mentary hypotheses. 

T submit that in ‘studying the earth it is a mistake to think that 
there is any necessary conflict hetween the idea that the earth be- 
haves as an elastic boily and the idea that it is yielding in a viscous 
manner. -A body may behave in both ways at once: The earth 
is probably acting largely as an clastic body under small forces 
which change rapidly and at the same time is yielding in a viscous 
mamner to forces of larger intensity which are applied in one sense 
continuously for long periods, 

The object of this address will have been accomplished if it 
serves in time to arouse the imagination and interest of some one 
and to guide him to greater effectiveness in attacking the problems 
presented hy the earth as seen from the geophysical Stand point. 

Cotteck o¥ Excineeains, Norrtiwesteex Unirensrry. 


Evassros, Iu. 
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MORPHOLOGY AND DEVELOPMENT OF AGARICUS 
RODMAN! 


(Puares. VIL-XIIL) 
: Ry GEO. F. ATKINSON, 
(Aead April os. 1075.) 


[NTRODUCTION, 

Aguricus rodmam® was described by Peck in 1885, from speci- 
mens growing in “grassy ground and paveil gutters” an Astoria, 
Long fsland. As to its habitat and occurrence a more specific state~ 
ment is made in 1807, in that it “ grows in grassy ground and even in 
crevices of unused pavements and paved gutters in cities," from 
May to July, and is said to he rare. It has been observed in the city 
of Ithaca, N. Y., for a number of years, where it is usually found 
growing in the parking between the sidewalks and street curbing, oT 
even in the crevices of stone paved streets and gutters, and also in 
grassy ground along the street railway or along walks on the border 
af groves. The material for this study was collected m August, 
1914, along the Ithaca street railway and by the side of paths along 
the border of groves on the camynss. In these places the mycelium 
in spots was often very abundant so that lumps of soil resembling a 
fine quality of spawn were exposed in digging for the young stages. 
The young fruit bodies collected were scattered on these cords of 
mycelium, the material and conditions offering very clear evidence 
of the normal development of the basidiocarps. The material was 
fixed in chrom-acetic fluid and sectioned in paraffin, 

The features of interest in the morphology and development of 
Agaricus rodmani which T have considered in the present stuily are 
as follows: (1) the duplex character of the annilis, or ring. on the 
stem, and its significance; (2) the origin of the hymenophore funda- 

tN. ¥. State Mus. Nat. Hist Rept. 36, 45, 158s. 

*N. ¥. State Mus. Nat. Hist. Rept. 48, t70, 187. 
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ment; (3) the differentiation of parts in the primordial ground 
tissue; and (4) the origin and development of the lamellz. The 
peculiar form and (position of the annulus on the ‘stem has sug- 
gested a resemblance to a volva, a structure not admitted in the penus 
Agaricus as now limited: while the subject of the origin and de- 
velopment of the lamelle has acquired new interest in all of the 
Agaricaces: since the accuracy of observations and the correctness of 
the statements covering a period of more than a half-a century, in 
regard to this topic, have recently been called in question. Without 
further preliminary remarks we may proceed to an account of the 
present investigation, and to a consideration of the variows matters 
involved, 


I. Toe Dvurnex ANSULUS aND ITs SIGNIFICANCE: 

The Ansulus—The annulas is sttuated near the middle of the 
short stem, or ever near its base, It is usually very thick next the 
stem and is divided mto an upper and lower limb by a deep marginal 
groove as 1s clearly seen in the photographs reproduced in Plate 1. 
In those cases Where the annulus is near the hase of the stem, Peck 
was impressed by its suggestion of “the idea ofa valva" (/. ¢., 45). 
Before the expansion of the pilens, while the veil is still attached to 
the stem and pileus margin, 4 longitudinal section of the plant shows: 
very clearly that the lower Limb of the annulus lies on the outer 
(upper) side of the:pileus margin (see Mate VIL, upper tight hand 
ind lower left hand figures). The marginal veil is very thick and 
the epinmastic growth of the pileus margin crowds the latter into the 
veil tisste and against-the stem. The position of the lower limb of 
the annulus therefore corresponds to that of the volva limb of the 
Amanitas. | 

The plates represented inthe upper group of Plate VIL., were col- 
lected on the Cormell University campus, those in the upper group 
during August, 1g11, along a path in the edge of a small wood not 
far from the street; those in the lower group, July, 1913, along the 
street railway and parking by East Avenue. In the expaniled) speci- 
mens, the pilcus ranged from 6 em. to 8 om. in diameter, ‘The 
plants were smaller than those represented in Plate VIIL., but since 
they were abundant and in all stages of development they present in 
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an excellent way the different details of the veil and atmulus during 
expansion of the plant. Those represented in Plate VITL, were col- 
lected by Mr, Wood, June 28, 1915, in the parking between the 
sidewalk and street, on Stewart Avenue, in front of the Town and 
Gown (lib, Ithaca, N. YO They were very robust specimens, and 
show the great distance between the upper and lower limb of the 
amminus. They are reproduced here real size. 

A thin outer layer of the lower limb of the annulus is continuons 
below with the outer layer of ‘the stem, and also with o very thin 
surface layer of the pileus, As the stem elongates at the time of 
the expansion of the plant, this outer layer of the stem lags behind 
and ts thus torn into irregular patches shown very clearly in the two 
upper left-hand figuresof Plate VU. The edges of these patches are 
frequently warped away from the stem, thus showing a tendeticy to 
exfoliation. This ts especially marked in the case of the surface 
laver- of the stem next the lower limb of the annulus, The warping 
tipward of thislayer, after it hos been severed from its connection 
helow, often gives the appearance of a double edge to the lower limb 
of the annults, as shown in the lower right-hand figure of Mate VIL, 
where the upper timb of the annulus has not yet broken away from 
the pileus margin, 

The very thin lever on the pileus which is also continuous with 
a thin outer layer of the lower limb of the annulus often shows a 
tendency to exfoliation, This partial exfoliation of the stem and 
pileus surface is clearly marked where the basidiocarps are some- 
what soiled by contact with particles of earth, as they are likely to be 
during the period of subterranean growth. 

The outer portion of the lower limb of the annulus, as well as 
the corresponding thin, and partially exfoliating surface layer of the 
pilews.and stem are derived from the onter layer of the hlematogen. 
The blematogen layer, as 1 have interpreted it, is present in the gents: 
Agaricus a3 well as in Anionita. In the species of Amanita thus far 
studied,® the blematogen at length is clearly separated froni the pileus 
by a cleavage layer, arising from the gelatinization, or other kind of 
disintegration, of the external layer of the pileus primordium, thus 


t Athinenn, Geo, F., “The Development of Amagnitopris taginata,” Ann. 
Aly, 02, 369-302, pla 17-10, 1014. 
FEOC. AMER. FIL. boc., Liv. 279 0, PRINTED SEPT, 7, 1915. 
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eiving tise to the teleoblem, or finished volva, But in the gems 
dgaricus* no such cleavage layer is formed, and the suriace of the 
pilews primordium becomes consolidated with the blematogen layer 
which here does not form a true volva, or teleablem. 

The lower limb of the annulus of Agaricus rodmani is not, there- 
fore, strictly homologous with the volva of the Aimanifes, not even 
mechiding the thin layer of the stem and pileus which sometimes tends 
to peel off, since it does not comprise all of the blematogen layer, 
nor isit separated from the pileus by a ilistimet cleavage Inver. If it 
were homologous with the volva of the Amanifas, then this species 
would represent a generic type distinct from Agaricus (Psalliotay, 
In tact other species of Agaricus frequently show a similar: condi- 
tion of the annulus, #. ¢., where the margin {s “erooved,” dive bo the 
inset of the piletts margin into the veil where the conditions for the 
robust development of the veil are favorable.. In garicus campes- 
fris the annulas frequenity presents a grooved margin, not only in 
the case Of cultivated forms, but more rarely in the feral state. 
This onidition is well shown in Plates 11 and i2.of my article on 
Aguricus campestris? In Fig. 20 of that article the lower limb of 
the antulus has broken away fram the outer surface of the incorved! 
pileus margin, while the upper limb is still attached to the edge of 
the pileus. [n Pigs. 16 and 19 the upper limb has also become freed 
from the pilews marginand the groowed character of the cdee of the 
anmulus is very distinctly shown. In. Fig. 15 of the sume article, 
settions of the young hasidiocarps show very clearly the position of 
the: lower limb of the annulus extending over the outer (upper) 
side of the pileus margin. Fig, 20 also shows very clearly that the 
annulis as am whole is ripped off from the lower part of the stem, 
being an exaggerated case of the slight peeling up of ihe thin surface 
layer of the stem mentioned above in Agaricks rodmani. That the 

‘Atkinson, Geo, F, ; 
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lower limb of the annulus in af. rodmani is merely a part of the 
marginal veil is clearly seen in the sectioned plants shown in the 
lower groups Of Plate VIL, where the connecting portion between: 
the two limbs is clearly differentiated from the surface of the stem 
with which it is in contact, a situation very different from that in 
Amonite where the yalva haa no such relation to the annulus. 
Comportson of Agaricus rodmani with other Species of Agaricus. 
—This extensive peeling, or ripping upward of the annulus from the 
lower part of the stem in Agaricus campestris is the cutee of the 
more extensive, 7, ¢., broader, veil and annulus than is characteristic 
for Agaricus rodmam. Peck regards this species as Intermediate 
hetween Agaricus compesiris and A. arvensis” resembling the former 
in Size, shape and general appearance; the latter in the “whitish 
primary color of the lamelhe," tn the occasional yellowish tints..of 
the pileus, and the occasional rimose under surface of the annulus: 
The robust character of the annulus of Agaricus rodmani and the 
thick Hesh of the pileus margin crowded hy epinastic growth against 
the stem deepens and widens the groove on the edge of the annulus, 
This, together with the very short stem, in comparison with the 
longer stem of dyaricus ‘campestris and 4. arvensis, 13; 1 think, 
largely responsille for certain dtiferences- in the character of the 
under surface of the annulus in the different species. In the species 
with the longer stem more stretching of the stem occurs and the 
anniulis (or veil) is ripped upward fromsa greater extent of the 
stem surface. The radiately grooved character of the under surface 
of the annulus, in certain species (A. arvensis Schultz, A. abruph- 
hilhes Ph, A. placomycer Pho A, heomorrkeidaring Schultz), or the 
coarsely floccose. or sealy character in certain others (Agaricus 
Subrufescens Pk, A. angustus Fr., or both features contained in 
some) is largely dite to the fact that this part of the annulus is 
stripped from the stem and then brought under greater tension than 
the upper surface as:the expansion of the pilews stretches the veil 
outward, All things considered Agaricus rodmani is much more 
closely related to Agaricus campestris than to any other of the 
apecies. It is very probably identical with dyarieus campesiris var. 


*N.Y, State Mus, Nat. Hist. Rept. 46, 43, 1835. 
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edulis Vitt..? as 1 have elsewhere suggested" (1900, 19001, 1903, p.: 
20). Excellent figures of this variety are given by Vittadini (/. c,, 
pl. 0) and by Bresadola® (pl. 54). 


Hl, Ortenys or tate Hy Mexopitore Peimoamum 

-Primordium of the Basidiocarp—The primordia of the’ basi- 
diocarps are elliptical or oval in outline, and reach a diameter: of 
3.1mm, or 4 tam. before there is any internal evidence of a differentia- 
tion of parts. ‘The length is wally somewhat greater than the 
transverse diameter. In‘specimens not so well nourished differentin- 
tion may bepin before the primorilia have reached this size. The 
primordium, from the size of 2 mm. to 4 mm, in diameter, consists 
of a homogencous interlacing of stout mycelial threads.with rather 
thick walls: In primordia 3 nim. to 4 mnt in diameter the hyphae 
average about § to 7 in thickness, occasionally stouter nes are 
seen which measure upto fom. More slender threads are also inter- 
mingled, but all sizes are so mchiscriminately interwoven that no 
structural differentiation is perceptible. In smaller primordia the 
hyphae average less im diameter. 1 most of the primordia examined, 
the sections are evenly stained throughout, but In a few a narrow 
zone a short distance from the surface stains more deeply than the 
external and internal tissue (Fig. 2). This suggested the possi- 
bility of a differentiation of an outer zone distinct from the bulk of 
the fruit body, which is sometimes present in Agaricus campestris 
and which | have called the protoblem2? A similar zone is found in. 
some of the hasidiocarps after the origin of the hymenophore funda- 
ment, but in. the material which I have examined it is the exceptions 
rather than the rule, and T ant inclined to the belief that it is due to 
some condition which affects the rate of growth or increase of cer- 

’ Vittadini, C, “ Panghi Mangerecci,” 44, igs. 

‘Atkinacm, Geo, F., "Studies of American Fotgi; Mushrooms, Edible, 
Poisonous, che” ist edition, I-V1L, 1-275, 76 plates (223 fia), Ithaca, ‘N ¥.. 
1900, fdem, ad edition, I-VI, 1-322, 86 plutes (250 figa.), Ithaca, N.Y, 
por, idem, New York City, 1903. . 

*Bresadola, G, “ Funghi Mangerecci « Velenosi.” 1899. 

i Atkinson, Geo, F,, "The Development of Agaricus arvensé anid 4. 


comitalag,” elm. Jour. Bot, t, 3-22, pls, 1,2 ti Homology of the Uni-- 
versal Verl in Agaricus,” Myc. Centralh., § 3-19, pls, I-3, to14, 
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tain individuals. A protohiem* is very likely present, but it is diffi- 
cult to distinguish in primordia havng a subterranean origin because 
of the ease with which the delicate protoblem is removed while re- 
moving the soil, and especially in the forms antl species of garicus 
with a white pileus. In those with a brown pileus, like Agaricus 
campestris var, bohemia of the commercial spawn growers, the 
delicaie, white protoblem is: very distinct, 

Differentiation of aa Internal Annular Hymenephore Pronor- 
dinin— The first evidence of internal differentiation ts the appear- 
ance of an internal annolar zone of new growth in the region of the 
smiiller end of the oval fruit body, This can be seudied with ad- 
vantage by means of serial, longitudinal sections. A median longti+ 
tudinal section is shown in Fig. 3, while a “tangentin)” sectton, 1. re 
parallel with the axis of the basidiocarp, bur through one aide of the 
annular zone of new growth is shown in Fig. g Diagrams 1 
and 2 {in the text) show how the sections were made. Fig. 3 is 
from: the region marked hy the line 2, while Fig. 4 is from that 
nuirked by the fines 1 aid’ 3. The darker staming areas in Figs. 3.and 
4 mark the position of the zone of new growth. In the median 


The ielicate, Goceosé, primary universal well, or protoblem owas ob- 
weeved by Fries on Ayarices compesiriz and os few other sqeecies, and 
called ty lritt a stbtuniversal weil. Vittadini (in Firng. Mung., 147; pl 44, 
fig: 2, 1895) describes and figures it jn connection with his study of the 
divelopment of his Agaricne ciqeisiteet But in this species he seems to con 
(ise this delicate universal veil (pretobleny) with what he ucrma the volva 
‘in several! apecies of Agaricus, He alsa apyplice the term wolva to the 
lower limh of the annnlie in Ayarivws exquisitus and in fgaricns edulig. 
He says (Lo eu 148) this delicate universal veil in AL eaitieitins is per- 
fectly similar to that which constitutes the veil of the " Tignowe” i ¢, the 
scaly Ananitas like 4, merearie, ev Vittadini aleo gtates (fe tap) 
that Trattinnick observed this delicate universal veil. (protoblem) on 
Agaricus edulis. (the apectes which Travtinnick describes oe 4, edulis fs 
different from A, campestris edulis: Vitt. or 4. rodmaii Pk), but it appears 
that Vittadini misinterpreted Tratti¢mich’s statment. The latter says, in order 
ty prevent confusion one abould aveid (L ¢. p 7a) takime for the edible ane 
4 mushroom (p4), which may have also only the Mightest mace of u mem- 
brate which in youth envelopes the entire mnshroom, inchwling piles and 
stem, down to the roots. “Unr Verwechelungen 2 vermeiden, bitte man 
sich statt der Gugeniike einen Schwamm tu nelmen” (73), “(d) der auch 
qur ie geriugste Spur von ermer Wulsthaut huiben sollte, die im der Jugend 
den gunten Schwamm mit sarmi den Strunk und Hut bie auf die Wurzel 
verliatler” (s4 Die eeshare Schwaimme, 1430). 
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longitudinal section two such areas are seen, symmetrically situated 
on either side of the long axis and some distance from the surface of 
the frnit body. The annular zone-is af quite limited extent as the 





Damas. Lateral view through young Imaidiocarp representing carly 
Hage of differentintion into the primordia of the four principal parte; pilen 
ares, sem arca, hymenophoare fondament (fy) and veil pritoriticn (FF), 

DiactAM 3. “enith view in young basidiocarp at same stige of 
fondamente, attd annular hymensphore primocdinm, See ext for details 


small area presented by its transection In Fig. 3 shows. The outline 
of this area in transection. js somewhat elongated and rises at an 
oblique angle from the stem area, well shown in’ Fig. 3 and jndi- 
cated in diagram 1. ‘The area of the primordial hymenophore seen 
itt the tangential section is much more extensive as shown in Fig. g. 
The difference in the extent of these areas shown in median (Fig. 3) 
anil tangential (Fig, 4) sections is clearly appreciated by reference 
to diagram 2. 

Siructure of the Young Hymenophore Primordium.—This inter- 
na! annulir zone of mew prowth arises by the origin of numerous, 
slender hyphal branches, rich in protoplasm, which are directed 
downward, or obliquely downward and outward, They have a 
more ‘direct course than the hyphae of the basidiocarp primordium, 
the latter irregularly sinuous and interwoven, while the hyphae of 
the young hymenophore primordim are nearly or quite straight. 
Because of their small diameter and their slender, gradually taper- 
ing ends, they easily crowd their way through the rather oper weft 
of hyphe forming the ground tissue or f umdliiviental plectenchymiw. 
Fig. 9 isa highly magnified view of the hymenophore primordium 


igre. DEVELOPMENT OF AGARICUS RODMANL ‘S17 


chown in the section represented in Fig. 3. from the right-hand area. 
The dark area in Fig. 9 represents the mnss of deeply stained hyphe 
of the new growth zone. Because of the compactmess of the tissue, 
yery little detail is shown. But along the middle portion of the 
figure between the lighter, open mesh of the ground tissue below 
and to the right; and the dark area of the hymenophore primordium 
above and to the leit; a number of hyph= in advance of the others 
are shown extending into the loose mesh of the ground testi. 
These are nearly paralle) and their extremities are more or less dis 
tant, because they are in advance of the greater mimber of mew 
branches present in the more deeply staining area. No anmular gull 
cavity i5 present at this ume. 

Growth and Increase of the Hymenophore Primordiaun—The 
growth and further organization of the hymenophore primordium 
is readily studied by the aid of similar serial sections of successively 
older stages of the basidiocarps.. Sections of such stages are repre 





Thaczast 3 Lateral view through young bastdiocarp at a alightly later 
stage, of development thon di diagram 1, Hy = hymenophore: A, o> 
annularccavig: FP, = veil primordinm. 

[Aka 4, Zenith view im young basidiocarp at same #ilee af 
development, See text for details. 


sented in Figs. 5-8 and 10-16, Diagrams 3:and 4 indicate how the 
sections were made. From the condition show in Figs. 3. 4 aid 0, 
there is a rapid increase in the number of hyphe in the zone of new 
growth, extending in the same direction, t ¢., downward and ob- 
liquely outward. During the increase number the hypha become 
more crowded, ure straighter and lie more nearly parallel, The 
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upper outer portion of this new zote of growth, 7. e. the hymeno- 
phore primardium, represents the early stage of the organization of 
the pileus margin: in other words, the annular internal zone of new 
growth is to be interpreted as the young primordium of hymeno- 
phore and pileus margin, the latter including the area. fram which 
the new hyphal branches arise as well as the basal area of these 
branches. Not only is there interstitial growth in the increase. of 
these hyphal branches, the new ones crowding mm hetween the older 
ones forming a more compact zone, but there js dls a centri Fiigal 
Increase in the periphery. of the annulir zone, The cetitrifugal 
growth of the pileus margin and hymenophore primordium is very 
characteristic. 

The position and direction of the hyphe of the young hymeno- 
phore primordinm, as well as the increasing density of this area, is 
well shown in Figs, 10-16. The stem axis of ail the figures js 
parallel with the long axis of the Plate. Several of these figures 
are highly magnified views of the hyttienophore primurdium shown 
in| Figs. 5-7; Figs: to and £5 being highly magnified views af the 
hyvmenophore of Figs. 5 and 6, while Figs. 12 and 1 are highly may- 
nilied views of that in Figs: Fand & Figs, to to 14 are from 
meiliat longritudinal sections of the hasidiocarps. Fig, to ia from 
the right-hand side of the stem axis, 7. «., the stem axis js at the Jet. 
Figs. t1—-14 are from the left-hand side of the atem axis, the stem 
axis therefore being om the Night-hand of the figures. The increas. 
ing density of the elements of the young bymenophore is progres- 
sively shown in Figs, 10 to 13. With the increasing density the 
ends of the hyphz reach more and more to. the came level and 
thus tend to form an even surface which for 
the palisade layer. 

Origin of the General Annular Gill Canty. —A striking feature 
in all these radial transections of the hymenophore zone and pileus 
margin is the curved outline of the zone as seen in transection, 
This is remarkably strong in Figs. 1 and q2 because the young: 
hymenophore primordium extends fora consirlerable distance down 
around the apex of the stem fundametit. This arched form of the 
young annular hymenophore zone is the result of epinastic growth 
of the pileus- margin, which is very marked even in this vate ae 
stage In the organization. ‘The rapid increase in the number of 


ms the transition to 
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the hyplxe in the young hymenophore, crowding in between the 
older ones; as well as their increase in diameter, produces a great 
pressure in this region. As a result of this increasing. pressure: 
within the arch a strong tension is exerted on the ground tissue 
below and adjacent to the arch, The ground tisstie at this point 
is thus torn apart, forming a distinct opening, or Cavity, beneath 
the young hymenophore, which is known as the annular gill cavity, 
The continuity as a general, annular, internal cavity can easily be 
determined by serial longitudinal sections through the young fruit 
ledy, the sections being made as indicated tn diagrams 3 and 4, the 
knife travelling through the basidiocarp in the direction indicated 
by the lines 1, 2, 3. As the knife passes the region marked by the 
line t, the sections will show a single cavity elongated transversely 
as shown in Figs. 6 and 8, rs and 16. Aa the knife passes into'the 
Stem area the sections will show two cavities situated symmetrically 
asim Figs. 5 and 7 (or ae in diagram: 3 and 4). Then as the knife 
passes out of the stem area, into the region indicated by the line 3, 
ithe sections. will again show a single cavity elongated transversely. 

The annular gill cavity™ varies in strength in different indi- 
viduals and gt different stages of development. Sometimes’ it is 
very weak, at other times it is quite strong. The tearing apart of 
the ground tissue often leaves it with quite an open mesh, and the 
‘surface next the gill cavity is more or less frazzled. The gill'cavity 
is stronger next the stem where the hymenophore is older, and is 
Weaker toward the margin, Where the cavity is weak, isolated 
threads or irregular strands of the ground tissue are not completely 
torn away froni the hymenophore, and the cavity is thus often tra- 
versed by laeeing elements of the grownd tissue. Al a later stage, 
after the origin of the lamelle, the annular cavity in some inili- 

12100 @ recent paper, after descrihing the milla in Coprinns. wicactus, 
Levine ("The Origin and Development of the Lamelhe in Coprinay micaeens," 
Am, Jour. Ror, ¢, 343-356, ple. a9 40, 1914), makes the statement (p, 352) 
that “There ig po general gill pot aa described by Hoffmann, deBary, 
‘Atkinson, and others.” Since delbary (" Morplivlogic und Physiologie der 
Pitre, Flechten ind Mysomyceten,” 64, 1265) i the only: person hitherta wha 
haz announced qhe presence of a geticral aneular gill cavity in Coprenns 
micacews,, this staternent by Levine can only be interpreted of a general 
denial of the presence-of o general annular gill cavity in the species in which 
it has thus far been described, o rather rash statement which qill be re- 
ferred 10 again in:the discussion of the origin of the Tamelle 
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viduals may become nearly or quite closed by the increase in the 
elements of this ground tissue, which forms a portian of the miar- 
ginal veil, but chiefly by the epinastic growth of the pileus Margi 
which crowds this ground tissue up agairist the margin of the lam- 
ellz, as shown in Figs. 32-38: 

Organization of the Palisade Layer —The level palisade layer of 
the hymenophore follows the primordial stage, immediately after 
the latter stage has become dense and compact ly the increase in 
number and thickness of the parallel hyphal elements, The zrow- 
ing compactness of the primordial hymenophore zone is accom: 
panied by the evening up of the hyphal ends into a plane surface. 
‘4s the ends of the hypha broader the free surface of the hynenn- 
plore becomes compact and smoath, ar even, ‘This is the level 
palisade stage of the hymenophore, It is a gradual, not abrupt, 
transition from the primordial stage. It begins: next the stem, ‘or 
in many cases on the outer surface of the upper part of the stem 
fundament as shown in Fig. 12. Here the palisade area, in radial 
section, rises upward at a strong oblique angle from the axis of the 
stem, and then grades into the Primordial area toward the left. 
The palisade area progresses, like the primardial area and the pileus 
margin, ima centrifugal direction, the older portion lying next to, or 
on the upper part of the stem fundament. 

The level patisade layer of the hymetophore, preceding the ori- 
gin of the lamellie, was first described hy Hoffmann? in 1856, 1 Rte, 
anit 1861, in about a dozen species (see the later Paragraph on the 
origin of the lamella: fora list of species), DeHary™ (1850, p. 286; 
304) described the palisade layer of the young hymenophore jn 
Nyctalis asterophora and parasitica, as having radial folds from its 

“Hofmann, A, "Die Pollinarien andl Spermatien y 
fet, tg: 137-148; msa-163, pil. 5. 1856 Beitrage. amr Entwickelunpage- 
echichite tr Anatomie der Agaricinen,” Bor Ze, wh: 385-05; 107404, 
pis, 53, T, 860. looney Analyticae Fungorum; Abhildingen and 
Beschreibungen von Pilzen mij} hesonlerer Rucksicht aut Anstomnie ini Pint 
wicktlungageschichte,” 1-103, pls, j—2y, sBéy. 

DeBary, A. "Zur Kenniniz einer Agaricinen," Hot, Zeit. 27: 335-388: 
503-308} 4ot-4e4, pl tg, 18sa, 
mr . DeBary; ot = ahead dese der Pilze, 
LY ROMS CTT, Cipzig. " Vergleche = | es 
ey Pte Myson ont aceee se ois and Beg 
aid Biology of the Fungi, Mycetoroa ani Bacteria,” Oxford, sy, 
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earliest appearance, But as this interprétation was shown by Hoff- 
man (1860, p, 402) to be wrong, deBary" (1866, p. 635 1884, P- 3, 

312; 1887, p. §5, 289) studied a mumber of other forms-and agr 
with Hotiman that the earliest stage of the young: palisade hymeno- 
phore was level, or amooth. 





10. Tae Dirverextiation or Pants 1x THE Parmoxora. Grounp 
Trssve, 

There are four principal parts of the fruit body which are dif- 
ferentiated in the grotmd tissue of the basidlocarp primordium, the 
hymenophore, pilens, stem and veil, The primary differentiation m 
the ground tissue of <lgaricus rodmani is the origin of the hymeno- 
plore primordium:, As described above this arises:as an internal 
annular zone of new growth, a little above the middle of the small 
oval primordial basidiocarp. It consists of numerous hyphal 
branches. which extend downward and obliquely outward, These 
new hyphe are nearly or quite parallel, are at first slender and taper 
very gradually to the free end. This form assists them in making 
their wav through the mesh of the ground tissue. They are rich in 
protoplasm, become compacted by increase in mimber and diameter, 
and thus in sections, take on a ileep color when stains are applied 
(see Figs. 3-16). The origin of this internal hymenophore zone 
differentiates at omce the stem and pileus areas, or fundaments, but 
the organization of the stem and pilews occurs Inter. 

In the early origin of the primordial hymenophore zone, Agaricus 
rodmani agrees with Agaricus campestris as presented in a study 
of the commercial varieties, ilasko and bohemia. In that paper. 1 
pointed oup that we should not necessarily expect the first evidence 
of differentiation to be the appearance of the hymenophore primor- 
diunt in plants not yet studied though it is probable thar at least 
some of the other species of Aguricus (Psalliofta) may show the 
saine pectilinrity. ‘This suggestion is justified by the situation in 
Agaricus rodmant, The same situation exists in lrmillarta wellea.™* 

M4 Atkinson, Gen F * ‘The Development of Ayarinums compettris," Bot, 

Universal Veil" in Aguricns,” Myr. Centralh,. 2, 13-19 pls. t-3, 1915. 
Gor, 42: 241-264, ple. 7-12, rood. 

Atkinson, Geo. F., “The Development of 4Aroiiffaria mellea” AM ye. 

Central’, 4; 113-121, ple 1, 2, 1914 
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In the specimens of Ayaricus arvensis® studied, the lagging behind 
of the ground tissue below the zone where the hymenophore primor- 
dium arises occurs before any differentiation of this none is dis- 
tinguishable, for a light area with a looser mesh occurs in am ant 
nular zone which marks the distinction between the stem and pileus 
areas. Or the lagging behind of the sTotnd tissue may occur smmil- 
lancously with the appearance of the primordial hymenophore zone 
and the outline-of the pileus area. In a smmmber of forms studied 
by Fayod** the primordium of the piles is organized. in the apex 
al the young homogeneous basidiocarp, as anew zone of prowth, in 
the form of an inverted bowl, chown by the darker staining of the 
hyph rich in protoplasm, forming a pileus producing layer 
(“couche piléogéne"), This method of differentiation he accepts 
asa general law for the Agaricer, the anly exception adntitted by 
hint being: the coriaceous forms of J eutinus. yancns redmani, 
the commercial varicties of ‘lgaricus campestris (colwmlia ani 
dioske) and Stropharia aningta (Peck) Zeller” also form excep- 
Hions to this rule. The primordium of the pileus in these forms 
may be regarded as diffuse within the upper fart of the young 
basidiocarp, the differentiation and organization of the pileus mar- 
gin beginning in conjunction with the organization of the primordial 
-hytnenophore zone, though in tropharia ambiqne the inverted bow!l- 
shaped zone of new growth in the upper part of the pilews: area is 
800n Organized? Other fortis recently investigated which conform 
to the general law Inid down by Fayod, are certain épectes of 
Hyphotoma (Allen) Mypholoma fascicylaris am Clitocybe laceata 
by Beer,= Lepions®* elypeolaria nirt! Almanitapsis vaginala.*" 

is Atkingon, Gro. F, "The De velopment of 4 Horicws ary 
comtalns,” tim Jour. dot, 4, 323, ple i A oy Homolouy of he 
“Universal Veil" in Agaricus.” Myc. Centraihl, 119 ple. -3, tora. 

™ Fayod, V.,"Prodrome d'ine histoire naturelle des Agaricindes,” dum, 
Sct. Nat, Bat, WIL, 9, 183-411, pla. 6, 7, 1B, 

™ feller, SM. “The Develonnvenr af Strapharia ambigua;? Mycotoyla, 
6, 190-045: pla. ea, 225, ryta, 7 

=! Allen, Caroline 1, “The Development of sore Species of Aypho- 
tre. See ~ Ie ~ -sipiroay Meat 1ond, 

es,  MOfet on the Derelinmene ; hore iy : 
Agarineaces,” Ann. Bot. ast: 685- 68, iit ae Carpophore jn Sere 
_ MAtkinion, Geo, FE, “The Development of Lepiate clypoolaria®” dan 

Alye.. 1a, 346-356, pla 1-16, 194. 
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Organization of the Pileus—The organization of the pileus be- 
gins in connection with the primordial hymenophore zone. The 
upper part of this tone is very probally to be regarded as the primor- 
dium of the pileus margin which then increases by centrifugal 
growth. it is marked from am early period by strong epinastic 
growth, so the margin becomes strikingly involutc, a feature also 
characteristic of Agaricus campesiris”* A. arvensis A. comiulus, 
etc. as have earlier described. The general relation of the hyphx 
in. the primordium of the pileus margin is a parallel one, and they 
become more and more strongly incurved as-a result of epinasty. 
3 the pileus primordium increases-in width by marginal growth, it 
also imcreases in thickness, more perceptibly so farther buck fram 
the margin where the new growth is older, In this way the organi- 
zation of the piles advances more and more into the outer zone of 
the grown! tissue. the blematogen, and becomes consolidated with t=" 

Organization of the Stem—tThe stem area is delimited at the 
same time as the pileus area by the origin of the young hymenophore 
zone, Init its organization:and differentiation from the ground tissue 
seems to lag behind the early stages of the organization of the pileus 
margin. While a general anid more or less diffuse growth and ex- 
pansion occurs for some time in the stem area, the first evidence of a 
differentiation from the ground tissue is seen in the orgamization 
of the stem surface. The outline of the stem may be compared to 
that of a broad, flat cone, since the stem at first is very short anil 

™ Atkinson, Geo, Fi," The Development of Minaniopsts rogiata” tun: 
Myc) 12, Joq-e, ple, 17-10, tots. 

_ * Atkinson, Gea, F, “The Development of Agaricus etm pestis,” Bae, 
Gaz, 42; 241-264, pla 7-12, 1006 (eee figures of and 12), 

= Atkinson, Geo, F, “The Development of Agaricus. arvensis and A. 
comfelas” sm. Jur, Bot, 2: 3-22, ple 1, 2, 1914, 

In Agoricus campestris yar. edulis, Vittadini (“Fun Mang," 44, pl 
6, fg: 1. 0839) in a young oval fruit body, figures and deacribes the outline 
of the pileus within » stout volva; hid states that: during the course of 
development, the.volva i¢ ruptured circularly, and the margin of the pilews 
as it emerges ie held for a time agaimét the atem by the lower limb. of the 
annahis. His secount of the release of the volva. (hlemutogen) frot 
the pilegs docs not seem clear, and his ‘Agires do not. show the tranaition 
sage froma to 6 im figure t of his Mate VE In Agaricus rodmani nor in 
any other species of Apdricur (Psaliiota) have 1 over geen any indication of 


the clear cut outline of the pilens gurface ae distinct from the blematagen, 
such as Vittadini shows ata, fig. 1. 
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liroad, and the surface slopes outward at a strong angle, The sur- 
face outline of the stem is quite clearly differentiated from the 
loose ground tissue forming the marginal veil, because of the deeper. 
staining property of the stem shown in longitudinal sections (Fig. 
32). Its differentiation and organization agrees entirely with that 
described for Agaricus: campestris®* Agaricus arvensis and A. 
continttis.2" 

Organization of the Marginal Vcit—The organization and limits. 
of the marginal veil, or partial veil, as it is sometimes called, in 
4garicus arvensis, A, comtulus and A. cantpestris, hos been very 
fully discussed in previous papers** (13-15, 1914), briefly in an- 
other** (17,1914). Its organization and coniposiion in Agaricus 
rodmani ‘is in the main similar, its different features hemg: due to 
Hs more robust character, the stouter pileus and shorter stem, 
The fundament-of the margmal veil is sround tissue in the angle 
between the primordial hymenophore cone and the stem fundament, 
including on its outer surface a narrow section of the blematogen 
layer. The ground tissue in this angle is indicated in /P (ver! 
primordinm) in diagram 3, and the Corresporling areas in Figs, ie 
5. 7. 9-14 can readily be understood. There is considerable Increase 
in this grownd tissue by growth of the portian clothing the stem 
fundament. It is alse added to by growth of ihe hyphae at the 
margin of the-pileus. The mass of the loose inner surface is often 
crowded up against the edges of the gills by the involute ihatgin of 
the pileus pushing it upward, due to epitiastic growth, 

In such robust specimens tisnally presented by Agaricus rodmani 
the blematogen layer is comparatively thick but still forms a com 
paratively small portion of the marginal veil, and lice on the outer 
under surface of the lower limb of the annulus; By the incurving 
of the thick margin of the pileus jt cide is crowded into the thick 
veil, and presses against the elem, this separating the veil, which 
later becomes the annulus, inte zn upper anil lower limb, As stated 
above, the fact that the short cren clongates litt little 

4 Atlkingon, Ges, F. “The Development of 
Gran, 42? 24t-ofy, pla, 7-12, 1006. 

® Atkinson, Goo. F, “* The Development. oF Agaricus urvengls and A. 
comtutus,” lin, Zour, Bot, 3-22 ple 4, 2, org. 


2° Atkinson, Geo, F, “ Homology of the Universal Veil in Agaricur 
Mye~ Cantrald,, $- 53-19, pli. 1-13, 1914, : Aieriews, 


in comparisony. 
-lyaricns camperiria®” Bot. 


ry78] DEVELOPMENT OF AGARICUS RODMANL 326 


with that of .4garicus campestris, arvensis; and a number of other 
species, the veil is usually not ripped up from the lower part of the 
stem as it is in the other species, A thin layer on the stem below 
the annulus is often cracked into distinct areas or patches, the mar- 
gins of the areas sometimes being partially exfoliated. The partial 
exfoliation of the under part of the lower limb af the annulus fre- 
quently occurs, and then the lower limb itself has a double edge as. 
tleseribed above, and as shown in several of the figures of Plate 1. 
In Agaricus campesiris, arvensis, augustus, subrufescens, placo- 
myers, and others, the freeing of the lower part of the annulus 
irom the stem is very extensive, since as the stem elongates the 
veil 1s nipped off for a considerable distance. In Agaricus rodmani, 
as the pilens expands, the lower limb of the veil clings to the slem, 
splitting off from the outer surface of the pileus margin as the latter 
is withdrawn. The inner or upper limb of the veil remains at- 
tached to the edge of the pileus margin for a longer time, but is 
eventually separated, 


IV. Ortars axp Deverorment of the Laweniy, 

Onigin of the Gill Salients—The development of the hymeno- 
phore is progressive and centrifugal, As described in the previous 
section, the primordial hymenophore zone originates in conjunction 
with the primordium of the pileus margin ani fies in the angle sep- 
arating the stem and pileus areas. The organization of the level 
palisade cone of the hymenophore from the primordial stage, bozins 
in the older region, # ¢., next the atem, The margin of the pileus, 
primordial hymenophore and palisade zone all progress by growth 
ita centrifugal direction, the younger, later stages succeeding the 
eather, The lameli succeed the level palisade fone and arise as 
downward growing salients of ihe same. These sahients begin 
next the stem (or in sonte cases on it). They are regularly spaced 
and progress in a radial, centrifugal direction, The origin of the 
salients from the level palisade stage is well shown in Figs. 17-21. 

In Figs, 18 and 20, different stages in the origin Of the -salients 
are shown. Three gill salients are seen in Fig. 20. At the left 
side of Fig. 20 is the level palisade. Next it to the right is a very 
low salient. Continuing to read toward the right, the second and 
third salients are successively stronger. While the hyphal struc- 
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tire 18 not very distinctly shown in in this figure, due to the difficulty 
of illummation which will produce on the photographic plate the 
same degree of resolution which can be detected by the eye, still 
the palisade character is evident. A similar situation is seen in 
Fig. 18, but the progression in the origin aru] growth of the salients: 
is to be read from right to left. A somewhat later stage is shown 
in Fig. 19. Here the hyphal structure is well shown. The palisade 
character of the exposed surface-of the liymenophore is very clearly 
shown. This figure gives us some auggestion of the factors operat- 
ing in the formation of the gill salients. The elements of the pali- 
sade layer increase by interstitial growth, i. hy new branches 
which crowd in between the older onés. At the same tine the elon- 
gate cells conmposing the palisade layer increase in diameter; Ir 
the primordial stage they passed from the terete tapering condition 
to the cylindrical form. Now they pass from the cylindrical to 
the clavate form, as well as increazing somewhat in diameter 
throughout. This produces a great pressure on the level palisade 
zone, which if continued, nwst result in throwin : the level palisade 
layer into folds. | 

Another factor now comes into play which prevents the patisade 
layer from being thrown into a series of itegular folds. This js the 
downward growth, by elongation, of the subadjacent tramal hyphie, 
along regularly spaced radial areas, begining next the stem and 
proceeding im a centrifugal direction toward the margin or the 
piles. These radial areas of subadjacent tramal hyphae, elongating 
downwards, push the palisade aren downwaril into corresponding 
ratial salients. These salietts are the first evidence of folds: or 
ridges which appear in the young hymenophore. They are the 
gill salients, and by continued growth form the lamellae: themectyes. 

Fig. 19 presents another very interesting situation. ‘This 4s the 
flarmg, or fantailing, of the gill salients very soon after ther emer- 
gonce below the level of the gereral palisade surface, This is very 
clearly one of the first results of the release from the pressure to 
which, the elongate cells were subject in the level palisade condition: 
Another still more interesting feature at this stage is the pressure 
to which the nentral portion of the level palisade is subjected as a 
result of this fantailing of the gill origins, The flanks of the young 
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gill salients thus crowd against the intervening neutral palisade cells, 
more strongly against their freeenils, This presses these intervening, 
nevitral, radiating areas of the origmal level palisade into the form of 
ridges which thus alternate with the radiating gill salients. These in- 
tervering midges between the young gill salients are very conspictious 
in a-correspon(ing stage of gill development in Coprinus inicaceus as 
| have shown in another paper. This situation is a comparatively 
old stage in the development of the lamelle and is one.of the peculiar 
features presented by a number of the Agaricacex, which led Levine™ 
to mistake these intervening ridges between comparatively old ill 
salients for the first ridges.to appear in the hymenophore primordium 
of Coprisus micaceus. These ridges he thought were the first evi- 
dence at the gills: The gills were described as arising from the split- 
ting of these first ridges and the union of approximate halves of ad- 
jacent rndges to form the gills between. them, This matter will be 
referred to below when another peciiliar situation is described which 
alse assisted in leading this author astray. 

Relation of the Different Phases of Hymenophore Development 
in the Young Basidiocarp—Figs. 17-23 represent different phases 
of the organization and development of the hymienophore in a single 
besidiocarp, during an intermediate stage of its development. The 
relation of these different phases is determined by a study of longi- 
tudinal serial sections passing from near the stem to the margin of 
the pileus, With the exception of Fig, 20, Figs. 17-23 are all from 
the same plant, selected to represent the relation of different phases 
of the young hymenophore. The sections from which the photo- 
‘graphs were taken were parallel with the axis of the stem, and thus 
were nearly or quite perpendicular to the hymenophore, or under 
surface of the pileus. The general plane of the hymenophore, or 
under surface of the pileus, is slightly arched, but for all practical 
purposes of this study, the plane is perpendicular to the stem axis, 
so that the sections are perpendicular to the general hymenophore 
surface, or plane. Fig. 17 is front a section near the stem, cor- 
responding to line 4 in diagram 6 (diagram 6 is intended to illustrate 
the situation presented by the figures in Plate 5, but serves to illus- 

“Levine, M.. “The Origin and Development of the Lamelke in Cop- 
rinas twicaceer,” Am, Jour, Bol., 1, 443-356. pls.39, 40, 1914. 
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trate also the relations now under consideration), At examination 
of the relation of line 4, in diagram 6, to the gill ealients, the palisade 
and primordial areas, will assist in making the-relation of the phases 
of the hymenophore presented in Fig. 17 very clear, 

In the middle of the figure, or section, the gill salients are ent 
transversely, On either side of the mididle they are cut obliquely, 
the more so the nearer the palisade area the salients are cut. But 
when the gill is so young, the structure of an oblique section at this 
angle is practically the same as in a transection, Since the hymeno- 
phore is older next the stem, and progressively younger toward the 
‘margin of the-pileus, the pill salients are older next the stem, and 
younger next the palisade area, where they are very low and grade 
off insensibly into the level palisade zone, Toward the left and tight 
trom the middle of such a section as is represented by Fig. 17, the 
salients become less and lees prominent until they grade insensthly 
into the level palisade zone on either side. In like manner the 
palisade zone grades to the left and right into the primordial zone, 
anid this into the margin of the pileus, showing practically the same 
relution, so far as the palisade and primordial zones are concerned, as 
in a tadial section. 

Pig. 21 is froma section made near the outer ends of the middle 
salients, about in the region represented by line 7 in diagram 6. 
Only @ few salients are shown, these are very low, and on either side 
soon grade insensibly into the palisade zone. Fig. 221s) from a 
section made in the region indicated by line 8 in diagram 6, Here 
there are no gill salients (nor any evidence of ridges in the hymetio- 
phore), a broad area in the middle is the palisade area, and this 
grades on either side insensibly into the primoridal area. Fig. 
from a section made in the region indicated by line *) in diagram 6, 
It te entirely within the pritnordial zone, tear the margin of the 
piles, Krowing this relation of the different phases of the hymeno- 
phore, one can observe the transition af the primordial phase nto the 
evel palisade phase, and this into the phase of the salients. In 
other words, one can study the method of origin of the lamelle by a 
study of the chiterent phases of the gill salients in the area of transi- 
tion from the patisade zone inte the zone of the young gills. 
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Kelation of the Hymenopkore ta the Stem—One of the taxo- 
nomic characters employed for the genus garicas ( Psailiota) is the 
free condition of the gills from the stem, In Agaricus campestris, 
while the gills are tsually free, they are close to the stem, and in 
some cases are even aidnexed to the stem, The same is true of 
Agaricus rodmani. Peck™ says of the lamelle—" free. reaching 
nearly or quite to the stem. It is possible that in some examples 
the gills may be broadly attached to the stem fundament at the time 
of their origin, but become free at maturity by changes inthe relation 
anid tensions of the parts during expansion of the plant, That the 
young lamelle are sometimes broadly attached around the upper end 
of the stem fundament has been observed in » number of examples 
during this study of development. In same examples the attach- 
ment of the stem is very broad, in others slight, and in still others 
the lamelle are free from: the time of their Origin, 

Deceptive Appearance of Sections near the Stem when the Young 
Lawmellonare Attached —In studying the origin of the lamelke in 
plants where the liymenophore, from its earliest appearance, is. en- 
Hrely free from the stem, little difficulty is experienced in the ii- 
lerpretation of the situation presented, in case there is'a fairly well 
formed annular cavity prior to the origin af the gill salients. 
Longitudinal sections next the stem then present the simple situation 
shown in Fig. 17. But in those eases where the hymenophore 
primordium extends downward on the outer surface of the stem 
apex, as shown in Figs, 11 and 12, sections passing from the stem 
through this portion of the hymenophore, after the origin of the gill 
Silicnts, present a complicated structure, which may be very con- 
fusing unless all the features of the situation are taken into con- 
sideration. As stated above the stem axis of the sections from which 
Figs..11 and 12:were made is parallel wath the longitudinal direction 
of the plate. In very young hasidioearps, as already described, the 
Stem surface slopes outward at a very strong angle as shown in 
Fig. 32. 

Now, when the gill salients begin te form by downward, or out- 
ward, extension of the level palisade, in those cases where the 
hymenophore primordium extends down on the surface of the stent, 

“ Peck, C,H. N.Y State Mux Nat, Hist Rept... 36, 45, LSS5. 
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the salients first appear over this portion of the hymenaphore, be- 
eatise it is the older, The older portion of the Silients, therefore, 
extend outward perpendicular to the stem surface. Since thetrr pro- 
gression is centrifugal, the salients gradually extend over the angle 
hetween-stem and pileus where their growth ts downward. Since 
the growth in width of the salients is perpendicular to the surface of 
the level hymenophore at any point, there are formed, in the cases 
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Draceas 5, Lateral view through one half of basidincarp in-an ine 
termediate stage of development, showing Ct) the etrongty alopings iurince 
of the sem; (2) the partly organized pileus maryin which ix becoming: in 
volute beranse of eipmastic growth; (3) the hymenophore presenting three 
Hages of development, (@) the oldest portion, the will area extending an the 
under side of the piles am! far down on the surface ‘Of the stem (Caltiate at 
this ‘stage), (1h) the pallsadé orea (PAL) disval tq the gill.area on under side 
‘Of pilens, and Cc) the primordial area (PR) neo margin of pilews: (4) ane 
pula cavity: (5) the loose ground tiseue of the marginal veil; and. (6) the 
blemategen layer. See text. | 7 
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or pigeon. holes, around 
the stem apex, between the young gills in th 
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and yileus. This situation ts illustrated in Figs, 24-31, from selected 
serail sections of the same basidiocarp, The sections were parallel 
with the long axis of the stem. Diagrams 5 and 6 illustrate the 
situation in this basidiocarp and show exactly how the s¢ctions were 
made. 

Pig. 24 is from a nearly median longitudinal section, made m 
the region indicated by line 1 of diagrams 5 and 6, which presents a 
situation practically the same as a median section, The outtine of 
the narrow young gill salient is well shown in Fig. 24, with the 
distinct annular cavity. The gill salients are strongly curved ’and im 
the form of crescents, the lower limb of the crescent extending far 
(own on the outwardly sloping stem suriace; the upper limb reach- 
ing out on the under surface of the pileus, where it grades into the 
level palisade zone, and the latter imto the primordia] zone. The 
relation of parts is clearly represented by diagram 5. It is quite easy 
to forn? 4 mental picture of the series of little-stalls, or pigeon holes, 
around the upper part of the stem between these crescéntic salients. 

Fig. 25 1s from a section in the region inilicated by line 2 of 
diagrams 3 and, The line 2:in diagram 6 shows how the section 
passes through the side of the stem and: obliquely across a few of the 
young gills, then on either side passing through the level palisade 
and primordial zones. “These features are clearly seen im Fig. 25. 
Fig: 26 is from the region Indicated by line =: Fig. 27 that of Ime 4: 
Fig. 28 that of line 5; Fig. 20 that of line 6; and Fig. 30 that of 
line 7, of diagrams 5 and 6 (figures of séctions in the region indi- 
cated by lines 8 and-9 are not shown from this basidiocarp, but there 
is nothing essentially different in them from figures 22 and 23 from 
another plant), -Fig,.31 is a more highly magnified view of the 
middle portion of Fig. 27. 

Pigs. 26-29 and 31 present o very interesting situation. They 
show transections of the atalls, or pigeon holes, mentioned. above. 
Unless caution ts observed this situation would be very misleading, 
The gill sahtents are attached above to the under side of the pilens: 
and below to the surface of the stem, and this attachment above and 
below existed from the tinie of the origin of the salients. However, 
the attachment below isnot that of the margin of the gills, but of 
their origim from the stem, sme the salients grew outward From the 
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level palisade organized in this region over the upper surface of the 
stem. 

Similur sections of Coprinus micaceus* through the region of 
the attached pills was one of the features contributing to the in- 
correct interpretation, by Levine, of the origin of the lamelle in this 
plant, as shown by his Figs. 13 and rg. The nalisade cells on the 
sides and im the upper angle of these pigeon holes could casily give 
the impression that the gills liad their origin from isolated radial 
areas of tiew growth of palisade cells, these areas, or “ ridires” of 
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Diracmes at 6 Zenith vitw in a basidiocarp of the ime age a4 that repre- 
sented in diagram = See text for details not marked it the dingram, 


Palisade cells parting as they increase, forming a lining over the 
ground tissue or partitions of these little stalls, and thus enclosing 
“the notch between the gills.” | 

Relation of the Gills to the Involute Margin of the Pilens.— 
There are other peculiar situations presented in the development of 


. = Levine, ML, “ The Origin and Develo press of Coprinug micaccur,” 
Am, Jowe. Bot, t, 343-30, pls. 124, 125, ratg 
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Agaricns rodmani (and other species) which may lead to serious 
misinterpretation unless great caution is observed, ‘This is the rela- 
_tion of the gills to the involute margin of the pileus and to the 
marginal veil, shown in:a series of longitudinal, “ tangential” sec- 
tions of hasidiocarps at an ave when the gill salients, by centrifugal 
progression, have nearly or quite reached the margin of the pileus, 
The various features of this situation are presented in Figs. 32-42, 
The figures are photographs of selected serial sections from a single 
busidiocarp, Diagrams 7 and § illustrate the situation in this basi- 
diocarp and the lines show the regions in which the sections were 
made, 

In Fig. 32, from a nearly median longitudinal section (in the 
region of line ©), the involute margin of the pileus is shown. Anim- 
definite portion of the outer, lighter stained area is the blematagen. 
The ntargin of the pileus isso strongly involute that the edge is 
curved upward toward the gills and has crowded the mass of the 
ground tissue constituting the inner portion of the veil up against 
the middle zone of the famellim. The attachment of this ground 
tissue to the margin of the gills is not very firm, though there is some 
adherence of the hyphe. The attachment has occurred after the 
ground tisswe was crowded against the margins of the gills by the 
strongly upturned, involute pileus margin, The strongly involute 
margin of the pileus is well shown also in several of the fgures im 
Plate VII. The position of the upturned edge of the involiite pilews 
margin is such that the loose ground tissue of the inner portion of 
the veil is-lifted up against the middle area of the lamellm, while 
the edges of the gills near the stem and also near the margin of the 
pileas are free. This is very clearly shown in Fig. 33, from a 
section in the region of line 2 in diagrams 7 and 8. 

Figs. 34 and 35 are from sections in the region of lines 3 and 4 
just passing through the surface of the stem in the angle al the junc- 
tion of the piles and stem. ‘The hymenophore extends a short dis- 
tance down on the upper surface of the stem, but the gills are only 
“adnexed,” not extending so far down on the stent fundament 2s 
in the basidiocarp represented on Plate XT. and in diagrams § and 6. 
In. the middle area of Fig. 35, the nearly solid block of tissue in the 
same level with the gills on either side, is hymenophore tissue from 
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the surface of the stem, and a portion of the same area in Fig. 34 
also belongs to the hymenophore. The hymenophore, as interpreted 
here, and in all of my recent papers, includes not only all parts of the 
lamella and the palisade cells between adjacent lamelle, but also a 
thin, often indefinite zonc of the subadjacemt tissue corresponding to 
the subhymenial tissue of the palisade between the gill origins. As 
figure 35 shows, the “stalls,” or “pigeon holes,” in the angle of 
pileus and stem are quite small because the gill origins extend but 
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Duaceaw 7. Lateral view through ane half of hetshtiocarp in an: alder 
stage than that represented in diugrama 5 und 6 ‘The hymeiphore hag all 
passed over into the gill etage, The gill area docs hot extend 
on the ste ab int diagram 5° The Margin of the pileus te tart attanuly ine 
volute and the veil tismie hag been crowded wp againat the middie portion of 
the gill, C = the portion of the anmilur cavity mot filled, See text for 
ather details not marked bere, ora 


so far down 


a short distance down on the upper surface of the stem, “The abrupt 
ending of this hymenophore tissue below is ever with : 


| | : the margins 
of the gills either side, 


and the lower edge is free from the vround 
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tisste clothing the stem findament; as shown by the clear ‘line 
hetween the two. This indicates that the portion of the hymeno- 
phore on the upper surface of the stem projected by growth slightly 
above the level of the stem suriace, or above that of the ground 
tissue. In Fig. 34 the distinct boundary linc of the more compact 
tissue shows, but it is in contact with the ground issue below since 
this section did not pass outside of the junction of stem and pileus 
jundaments. In Fig: 35 a few of the gills on either side of the 
middle are free from the ground tissue below. Outside of this on 
either side (the middle zone between stem and pileus margin) a 
number of the gills are attached to the ground tssuc pressed up 
agramst them by the involute piles margin. On cither side of these 
areas, #4. ¢., near the margin of the pileus, the gills are free. 

Fig. 26 is from a section in the region indicated by line 3 in 
diapram 7. The middie of the section, secording to line 5, would 
pass through the space of the anmular cavity near the stem which 
has not been filled by the: upward crowding of the grea tissue. 
The margin of the gills here should therefore be free from ‘the 
ground tissue below. This is shown to be the case in Fig. 36, for 
the gille aver the mildle portion of the figure (which are meur the 
stem), On either side of this area, however, the section passes 
through the zone where the ground tissue is crowded up against the 
gills, while toward the margin of the pileus the gills are again free 
from the ground tissue. 

Figs: 37 and 38 are from sections im the region of lines 6 and 7 
respectively, of diagram 7. Both sections are thns “tangents” 
through the region where the ground tissue in contact with: the 
niiddle zone of the gills would be continuous and of considerable 
extent, bot the area in the region of Tine 6 would be of greater extent 
than that in the tegion of line 7. This corresponds with the situa- 
tian shown in Figs. 47 and 38, while toward the margin of the pileus 
on either side the gills are free. Figs. 39 and go. are from the region 
of lines 8 and 9, These pass through the portion af the annular 
cavity between the margin of the pileus and the ground tissue 
crowded up against the middle region of the hymenophore. The 
gills therefore would not be in contact with the ground tissuc below, 
In Figs. 39 and 4o, however, it is clear that on either side the gills 
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are attached below-as well as above. The attachment below is not 
the margin of these gills, but their point of origin from the inner 
surface of the involute pileus margin. This will be clearly under- 
stood froma study of Figs. 41 and 42. 
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Diamam.& Zenith view into & basidiocarp of the sume age See text 
for details not marked. 


Figs. 41 and 42 are irom sections in the region of lines to and 
1 in diagrams Zand 8. The gills are attached above and below. 
But it is very clear here that the attachment below, as well as above, 
is to the pileus. Since the gills are downward growths of the level 
palisade, formed on the under surface of the pileus (i. ¢., perpen- 
dicular to the level palisade), the attachment below in these hgures, 
as well as that above, is at the point of origin of the gills, and must 
not be interpeted as an attachment of the gill margin to the stem. 

The First Ridges, or Sahents, of the Hymenophore are the Fun- 
daments of the Lawelle Themselves;—The question of the origin 
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of the lamelie is of renewerl Interest since it hae recently been 
anted that one.of the problems yet to be worked out in the Agaurice- 
cer is the origin-of the lamellx."" The evidence presented in sup- 
“‘port.of ts sweeping, and rather surprising statemert, is mtace, $0 
far as we can judge, on the basis of an investigation of Coprinus 
micacens. It carries with i the implied charge that all of the ob- 
servations and statements itt regard to the origin of the gills, cov- 
ering a period of more than half 4 century, are incorrect. In the 
case of my own work on Agaricus campestris,” Armillaria mellea™ 
Lepiata clyprolaria,* Agaricus arvensis” and Al comtnius it can be 
most positively reaffirmed that the lamellar originate as described, az 
downward, radial growths of the level palisade portion of the hymen- 
ophore, The evidence was so-clear in these examples that at the 
time of the study it did not seem desirable to present full series af 
“tangential” sections of the different stages in the origin of the gills, 
particnlarly.as the method of origin agreed in all respects with that 
described in more than a dozen different species in earlier works, 
The present study of Agariens rodtiant was undertaken, not only 
for the purpose. of examining into the significance of the double an- 
talus, but also for the purpose of examining the different stages in 
the organization of the hymenophore primordium, the level palisade 
stage, aril the origin. of the gills, in a species. closely related to 
Agaricus campestris, It is very clear that the present study has 
fully confirmed the earlier statements with reference to the origin 
Of the lamelle. Material has also been grown, and the young stages 
obtained for sectioning in the following commercial. forms of 
dgaricus: A. campestris varieties bohemia and alasku, anil A. * vil- 
faticus.” 

M Levine, M “The Origin and Development of the Lamella in Cop- 
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The situation in certain species of Coprinas, where the margins 
of the gills are attached to the stem before maturity, and break 
‘away during the expansion of the plants, hes for a long time inter- 
ested mt, and I have intended to investigate certain of the species 
for the purpose of comparing the. situation in this genus with that 
deseribed in Amanita rubescens™ by deBary, A. muscorie” by Bre 
feld and in Almanitopss vaginala™ by myself, where there is to 
general prelamellar cavity, and the first evidence of the lamelle is 
the differentiation of a series of radial trabecule in the hymeno- 
phore primordium, continuous with the stem and trama of the pileus. 
This investigation was delayed, however, antil the atitumm of 1914. 
Material of three species, Coprinns comatuys, atramentarius and 
nicuceus, was studied, and the results will be published jn another 
paper. This munch may he said here, that these three species do not 
belong to the minita type but to the dgaricus type. There is:a 
strong, annular, prelumellar cavity in Coprinus comatns: a weak one 
mn C. atramentarius and micaceus, but in all three the lamella: prig- 
inate as downwaril-growing salients of a level palisade zone, exactly 
as described here for Agaricus rodmuni, the only difference being 
in those specihe features relating to the structure of the lamelle. 
Levine based his interpretation of the origin of the lamethe in 
Coprinuis micacens on complicated and rather well advanced stages 
of their. development. Had the origin of these complicated struce 
tures: been sought iis probable that the origin of the lamelle would 
have been found. 

Of the plants thus far studied the following species miay be 
mentioned as examples of the Agaricus type in which the origin of 
the tamelire has been clearly and correctly described, those by Hoff- 
mann more than half a century ago. Ayaricus carneotomentosiue 
set pe iy os el ii D. 95); Contharellus 

ary, They ICL tn Fhivaeliohwie A, H a3 

Mycumyeeten,” Leiprig, 1366, “s Netiieichinds Metta Klee on ius 
der Pilee, Mycttozoen wt Bacterien,” 1884. ™ Comparative Marghiitoas 4 
Biology of the Fungi, Mycetozoa ani Bacteria,” Oxtord, ree, * ae 

™m retell, ©... “ Botanische Unterauchonges Gike ‘ 
Rasidiomyceten, I, b-lV., saa: ple. G-at, 1889, 
 * Athirssn, Geo Fi“ The Development 
Alive, 29, 300-300, ple. 1714, 1p14. 


“ Hoffmann, EH, is Die Pollinarien titted 5 ‘inv ' M 
Heit, 4: W37-148; Wsgo6a: ple 5. ish permaties von Agaricus,” Bob, 


Schimmelilze,” 4, 


OF sImantiopsis suyinata,” Aan, 
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tubaeforms, C. aurentiacus, Panus stipticus, Pleurotus tremulus, 
Omphulia umbellifera, O. pyridata, Morasmius epiphyllus by Hoff- 
mann (1860); Collybia velutipes, C. fusipes, Sygrophorus chloro- 
phonus, Galera mycenopsis, Hebcioma mesophacus, Coprinus fimi-. 
farius, Paxillus fevolutus, Entoloma sericeum, and others by Hoff- 
mann (1869); Mycena aulgaris, Collybia dryophile, Nyetalis para- 
sitien, Clifoeybe cyathiformis, and Canthareilus infundibuliformis 
by deBary** (1866, 1884, 1887) the latter two in conjunction with 
Woranin; Coprimus lagopus by Brefeld® (3877, p. 127); Agaricus 
campestris by Atkinson? (1906); Hypholoma by Miss Allen 
(7906) and by Beer (rort); Stropharia ambiqgua™ by Zeller 
(1914); Agoricns arvensis and comtulas.™ and Armillaria mellea™ 
by Atkinson (1914). 
SUMMARY. 

t. The lower limh of the double annulus of Agaricus rodimani 
is net a true -volva like that of the Amanitas thus far studied. It is 
composed of a short segment of the blematogen plus some of the 
itimer tissue of the marginal val. The greater portion of the blema- 
togen remains “concrete” with or consolidated with the surface of 


* Heitrige aut Entwickelungegeschichite oil Anatomie der Agaricien,” 
Hot, £eit,, 18> 30-395; Jor—4o4, pla. 13, c4, 1hho. 

4 Hoffmann, H., “Icones Analytice Fungorom; Abbildimgen und Be 
acrrilitmeecn von Pilren mit leeonderer Rucksicht ani Anatomie und Ent- 
Wickelingsgcsctichic, 1-105, pls E24, rhér. 

* DeBary, Ay “Morphologie ond Physiologie der Pile, Flechten nnd 
Mycetorcen,” Leipzig, 1866, “ Vergleichende Morphologie ind Biologie der 
Pilzxe, Mycetoroen end Bacterien,"” r&&y “Comparative Morphology und 
Bislogy of the ‘Fungi, Mycetezoa and Bacteria.” Oxford, 188z. 

“Brefeld, ©. Botanische Untersuchungen ther Schimmelpilze,” 3, 
Basitliomyetten, 1. b-1V,, t-2a67 ple. 6-11, 1887, | 

Atkinon, Geo FEF “The Development of decricus campestris,” Foy, 
Gaz, ga! 241-264, ple. 7-12, 1906, 

“Allen, Caroline L, "The Development of Some Species of ff ypho- 
toma,” clin Af yiryoq: 387—gu4. pla, 3-7, 1906. | | 

“* Beer, Ry “Notes om the Development of the Carpophore in Some 
Agaricacer,” den, Bul, ag; 683-650, pl se fon. 

0 Zeller, 5: My “The Development of Stropharia umdigue.” AMycoloru, 
6; TH 14s, ps, 124, 125, TOL. 

m Atkiison, Geo. F.“‘The Development of Agaricus arveuses and A, 
comfelas,” son, Sper, Hot, 2! 3-22, ple 2, 3. 10M, 

Atkinson, Geo FL" The Derelopment of Armiilierig melleg,” Mye, 
Centraib.,.4: 113-131, pla 1, 2. rol. 
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the pilews, while in Amanita the blematogen is finally delimited from 
the surface of the pileus by a cleavage laver. A double annulus 
homologous with that of dgericus rodmani is often’ present in cer- 
lain other species of Agaricus. 

2, The primordium of the basiiliocarp is oval in form, and homo- 
geneous in structure, consisting of intricately interwoven hyphx, 

3. The four primary parts of the basidiocarp, pilews, stem, mar- 
ginal yeil and -hymenophore, are first differentiated by the origin of 
the hymenophore fundament, 

4; The hymenophore primordium prises as an internal, annular 
zone of new growth toward the upper part of the young hasidiocarp. 
It coneists-of slender hype rich in protoplasm, parallel, and di- 
rected obliquely downward. The lower outer surface is at first 
more or less open and uneven, presenting a frayed or fimbriate ap- 
pearince. By continued growth and nmttiplication of these hyphe 
the hymenophore primordium becomes more compact and the mder 
surface becomes even, forming a level palisade zone. Growth of 
the hymenophore proceeils in a centrifugal direction, the older por- 
tions being next the stem fundament. By the epinastic gtowth of 
the pileus margin the hymenophore takes on the form of an annular 
arch. 

5. The increase in number and diameter of the elements of the 
hymenophore fundament produce a tension spon the ground tissue 
beneath, which lags behind in growth and is-torn away from the 
under surface of the hymenophore, thus forming an annular. pre- 
lamellar cavity. This cavity may later be nearly filled by the ground 
tissue of the inner portion of the veil which increases in hulk, and 
is often crowded up against the young gills hy the involute margin 
of the pileus, | 

6. The lamelke originate as downward growing radial 
of the level pahsade ZOne, beginning next, or on the stém, 
aa the hymenophore primoriinm js free from or extends down on 
the upper portion of the stem fundament. They progress ina cen- 
trifugal direction, In an intermediate stage of development or the 
basidiocarp, all three stages of the hymenophore may he presenit 
the zone of gill salients next the stem, then the level palisacle ote! 
amd beyond this the primordial zone, ee 


sahents 
according 
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7. The first ridges, or sulients, which appear in connection with: 
the hymenophore - are the funduments of the lamelle themselves, 
and the palisade layer ts continuous over their edges as well as im 
the notch between adjacent salients, 


DESCRIPTION OF PLATES VIL-XII. 
PLATE VIt, 


Mature and nearly mature plants of Agaricns redimani showing the 
double nature of the annulus with it edge grooved; forming on upper ond 
lower limb: the:short stem, Involute margin of the pileta, etc: 2/9 diam- 
eter, For details see text, 

PLATE VII 

Mature and very robust plants from parking between sidewalk anil street. 

Real size Soe text, | 
PLATES [X-XIE 


The magnifications of the photomicrographs areas: follows: Figs, 3-3; 
xo diameters, Fig. 23: to diameters. Figs. 1, 2; % 12 diameters. Fig. 
32; X ip diameter. Figs 34-36) X = diameters. Fig. 17; % 23 diameters. 
Figs. 15, 16; 2% diameters, Figs. 21-30, 37-42; “30 diametera. Fig, 31; 
Sf foo dinmeters. Fig, 12: tio disimeters Fig. 33; 3 955 diameters 
Figs. 10, 11:. 160 diameters Fig. 18: ™ 170 diameters. Figs: Ota; X 225 
diameters, Figs. 1. 20; 250 diameters. 


PLATE IX, 


Fic t. (No, 12.) Your stage of hisidiocarp primordiutn. 

Fin. 2 (No, 2a) Somewhat older stage of basiliocarp primordinm, 
bot till in the undifferentiated singe, 

Fie 3 (No2%4.) Earliest stage of differentiation in the young 
hasidiiecarp, median longitunial section showing a transection of the internal 
anniilar byinenophore (undament, the general prelamellar cavity not yet 
formed. Pileus fandament is above, stem fondament below, and veil fun 
dament underneath the hymenophore primordium (ce Fig. 9), | 

Fra 4. (No. #74.) Longitudinal section of the same basidiocarp, 
“tangential” to the bymenophore primerdinm, which ia shown a o tratis- 
wertse deeply eaining area, 

Fin. (No. F84.)) Median fongttodinal -section through = basidio- 
carp jost after the formation of the general, annular, prelatellar cavity: 
The hymenopihore te still in the primordial condition (see Fig. 10) but does 
not extend down on ibe surface of the apper part of the stem fundament. 

Fi 6. (No, 34.) Longitmdinal section’ of the same. basidiocarp, 
“tangential to the hymenophore and annular cavity (ace Fig, 13). 

Fi 7 (No, 4) Median longitudinal section of a hatidincarp 
jist after the formation of the geteral, annular, prelamellar cavity, “Tle 
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tends fora considerable distance down on the earface of the upper part of the 
stem findament. | 

Fa, 8 (No. 134.) Longitudinal section of the same basidiocarn, 
"‘tatential ” ‘to the bymenophore and annulur cavity (see Fig 16), 


PLATE X. 


Fm o (No. 2%.) More highly magnified view of the transection of 
the h menophore prunordiumn. shown in Fig. 3; stom axis at the lef In: 
the darker area (hymenophore primordium) the hyphae extend downward 
and, obliquely outward toward, and some projecting into, the veil fundament 
below, which consists of » loose mesh of interwoven hyphae, 

Pra to, (No =85-) More highly magnified yew OF the tratwection 
of the hymittiophore primordium and-annuiar cavity shown: in Fig. 5 (axie of: 
stem at the left). “eo | 
— Fie (Neo IS.) More highly magnified view OF the transection of 
the hymenophore primordiun: and minular cavity shown in Fig. 7 (stem uxis 
alr Fhe bymenophore primordium extenis down over the Lipper part 
OF the stem outer surface, Veil fimilament in. the angle below, the ground 

tissue tearing gpart and separting from the hmbriate under surface of ihe 

Fit, 12 (No. $5.) (Transection of hymenophore and annular cavity, 
showing same view ay Fig.-1r (stem axis at right) but in another lasibiee 
carp anil slightly elder stapes the portion of the hymenophore primordiim 
on the opper purt of the stem fondament has htcome transformed inte the 
level polisade stage. | 

Fits. 13 and t4 (€No, 2.) Section af another 
the hymenophore and antiular cavity in same stage as in Fig. 1 ot different 
magnifications (stem uxis at right), Hyimenophore. primarditu with finn 
briate edge Grounct tissue below (veil funtament) breaking away from the 
firmbriste surface of the hymenophore ag @ result uf the tension produced by 
the rapid! Increase in muri and size of the elements of the hymenphare ant 
the Lawpritige behind of the Browid tisk below, thus forming the anunular 
cavity, These sections are radial and parallel with the direction of the later 
lamella, , Thi elenente of the hymcnophore here are somewhat chutered, the 
Meriter enils of the hyptie clinging in groups as the lower surface of ihe 
hymienophore ts loosened by the tension of the increase above 
Mig (Nov 295.) “Tangential section Of jhe: hymetophire 
primordiam, mare highly magnified view of the hymenophore: and general; 
annular, firelameliar cavity shown in Fig. 6. Note the fimirius. lower suse 
face of the -hymencphore primorslittn, and the foose ground tisaue. (peiinat- 
din of veil) below separating from it and forming the annular cavity, 
The structure of the hymenophore primordisam | homogencous, tere iy not. 
tite slightest evidence of ill: snlients, or of ridges of any gart. which mite 
anima argabed sera woh lamellie whith aré'to arise laiet. 

_ Pik 16, (No, 322.) * Tangential" section of hymenophace oetniar- 
dey abet: ary a Feil Tundument, a mire highly ster view of 
this part of the tusidiocarp shown in Fi. & Details a0 it Fig 


lymenophisre. iv. still imtincty: tn the primordial gtage (eee Fig.-01) -and ex- 
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Pus 17-1) anil 21-23, all from ao single hasidiocarp (No. %), frei selected. 
setial sections parallel with Mie axis Of the stem ond * tangential” in ihe piles, 
Fup. 1749 from near the stem, aud-shows the three Sages of the developing: 
hymenophore, primordial mone, level palteaile conte, antl the rome Gf gill ga- 
lienty (trataceted) wlth differenp stages isi the origin of the latter frum the: 
level fuilivude coniflilon (sed get for detail). The general annular cavity 
te well - sivowiet. 

Fun 18 More highly magnified | yirw of portion. of ihe ame section 
in the region of the origin of the dill sallenite From the level qualisade stage 

Fin ig, More highly magnified view of the young gill sullents, showing 
how they Hare, gr fantall, when feleased from the pressure to which the 
tlements ore subjected in the feve] palisade cone, aleo showing bow tis 
ripe of the young: gill saliente crowds the mtervening palisade celle of 

the original level inte “ridges,” these ridges of palisade in the notch between. 
two lametbe breciirg formed later thaw the gill salienty and as o result of the 
luferal pressure of the Raring <alients. For detaile ‘seo the text, 

Fie 2a €No. 4) Section from another tasidiecarp showimg. tnme- 
fien from the lever! patiawle ptage tothe gil) salterte, 

Fite, Seetion nearer the inorgin of the pileus than that shown ip Fig. 
a7. Ly the eiddle area the gill caliente afe cut near their distal etd where 
they are very low (iee text for detuils). Tratsition to level palizade and 
primordial zone on cither einte. 

Fre 22, Section, still nearer the margin of the pilets showing the level 
pilisaile zyme in the center, and tbe primordial. gone on either aide. 

ik 2% Sketlon still negrer the nmrgin af the pile, entirely theoogh 
the primeriii! cote, 





PLATE XI], = 
Fre 24-41, - Selecteer! seria) sections from a single basilincarp (No. 4), 
parallel with dhe stern ads and from nearly modian in the stem to mid- 
way From stent aurfuce toa the margin of ibe pilus. Here the hymenophore 
extends for some distance down on the ontward sloping surface of the stem 
(indament, and there are little “stalle” or pigeon holes between then in 
Hie angle at junction. af pulens anil stem, See text for dictnils. 


PLATE XII 


Hee, go-gz. Selected penal sections from a single lacidiocirp (Ma a4), 
parallel with the axin of the stem atid Frets median in tlie eter to ~ * Langer 
Hal" in the tiargin af the piles See text for details 
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THE EULER-LAPLACE THEOREM ON THE DECREASE 
OF THE ECCENTRICITY OF THE ORBITS OF THE 
HEAVENLY BODIES UNDER THE SECULAR 
ACTION OF A RESISTING MEDIUM, 


By T. J.J. SEE. 
(Read April 4, rors) 


Tn the “Mecanique Celeste,” Liv, VIL, Chap, Vi, $$ 20-30, 
antl Liv. X., Chap. VOL, $18, Laplace has developed the mathe- 
matical theory of the secular action of a resisting medium, and aye 
plied it to the motions of the moon and planets. The first. dis- 
cussion herem cited was publisher! in Volume [11, of the" Mecanique 
Céleste,” 1802. It is on this discussion by Laplace that modern 
investigatora clitefly hase their treatment of the problems of a 
resisting medium, Laplace's developtnent of the theory therefore 
has been of great service to science for more thar a century. 

Recently, while ovewpiei) with a careful review of the theories of 
magnetism anil of gravitation since the time of Newton, I had oeca- 
sin to ¢cxutiine Euler's." Pissertatio de Magnete,” 1744, " Opus: 
eula,” 1740-51: and while looking into this work Was surprised 
to find that Euler had preceded Laplace in his development of the 
chief effects of a resisting medium by more thin half a centtry, 
Euler's work on the resisting mediiny will be foutid in the volume 
of *O)pusenta,” Berlin, 1746, in the paper “De Reluxatione Motus 
Manetarnint,” pp, 245-276. 

Having shown that the aphelig 
Kuter considers in section XVII. tf 
tion, and) the return te perihelion, 
iy the increments representing a 


ire unlisturbed by resistance, 
equations for the neti tua: 
after changes in the mean motion 
Whole revolijtion : 

ats-2e, nt+egm, ont} Ge, oné—b Br, etc, 


Euler pits for the planetary orbit about the sun, 
Mt 
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ke (1—e)—perihelion distance, 
ga (T—e7) —p—latus rectum of the orbit, 
y—=r—radius vector of the planet, 


%—e—the eceenincity of the orbit, 





t—=trite anoimily —r, in the notation now commonly used, 
sare of the orbit, reckoned from perihelion, 
c—sun's mean distance, 

== pt, where 2-15 the earth's equatorial semi-diameter, and 


a a number which expresses the sun's mean distance in this unit. 
Euler uses a solar parallax of 13”, and takes c—=158660. With 
the values now adopted in astronomy we have about ¢—= 23445+. 
In some of his numerical work Euler uses ¢—g=0(t—e), 
which is admissible when we neglect the square of the eccentricity 

Enler also wees a snuill angle of deviation duc to the angular 
effects of resistance, c—#, sich that tan 2 —29,'3¢; and then takes 
the equation for the Keplerian ellipse 


— etn e) 


~ b+ ecosr’ 
to have the form of an ellipse modified hy resistance 


ayy roost 
—(1+ecos?) = E = ol of 
aes pep 
where P is function of the time, but modified by a very small 
quantity depending on the effects of the secular action of the resist- 
ing medium. 

From the equations of the disturbed ellipse, in Ins notation, 


ie 


a 
Tey aha eee, 


P =: (¢—sint— $f sin t + htt ons t+3ett— ff ain fai fF sin 2), 
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Rater develops the following talile; 


iH 


P= 0, 
f=w—?, 
i= 27, 
f= ar — G, 
f= 47, 


t=5r-—9%, 


there will be 
=D) 


P=" (arya), 
tet: 
| P= "(yr +3 (7), 


P =: ( 5*— iT -#t) ; 


He remarks that when therefore for perihelion we have 


and jor aphelion 


t=2m, 


f=ar-—¢, 


i= an, 


f= sr —6, 


rath. 
y ‘ 
~F4p, 
Je toa ih Ge 
4 E ro 
JU Beat Warps 
si > T= 9th, 
ses a 
+ a se 
aaa ar 
| - 
= ee =i 4g); 
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it being understood that the final angle 4yy/3c is neglected as very 
small. 
Enler next considers the effect of i whole revolutions: 


{= a8, 
t — ist 
my ae _— Et AD; 


‘and finds for the radins vector: 


go ate (1 + Nee 


nn i ee | oe 
Putting for the following aphelion, !—(2i-+- t)e—é, there will 
result 
i ia? trie, so. 
hea a oh (hot); 
whence the milius vector becames 
7. eG alt =e 
ir ei — fF 
The successive distances of the planet from the sin are Wimin- 
‘ished in the following manner : 


u 


I. Perihelion CEE =o 
Shalit —£_ a(t — 32 ee 
Aphelion L—ft. diate" 


e awit afer 
a at cu+yr * 
g _3eh= oie). 
r—t  eln—ty 
ge anti ye 
Es ee nL les ee 
_*  _ btn — Bee 
1—f¢ cr —t? 


I. Perihelion 
Aphelion 
IIT. Perihetion 


Aphelion , ete. 
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In any revolution about the sun the perihelion advances by the 
interval 


an(t + it ige: 
clr ti 


and the aphelion regresses hy the interval 


ar(1 — Hee 
dr—tpP 
the mean distance therefore decreases in the interval about orgy/¢; 
‘and after i revolutions this decrease im the mean distance will be 
2iegy/'¢. 
Accordingly, after ¢ planetary revolutions, the perihelion distance 
trom the sun hecomes : 


g __-aie(y tao er 
ttre ey 
and the following aphelion distance : 


kh _ Nat elt — Be pe 
1-¢ ely — , 
The addition of these yalies, after i revolutions, cffects the 
transverse axis of the orbit: 


22 ingen e — Bee 
by ca — oF oc — HF 
Here indeed, since the time is to be defined, the time from perthelion 
to aphelion may le omitted ; and thus after ¢ revolutions the trans- 
verse axts of the orbit is found to be: 
3¢ diner 
ttt oft — Fry? 
wherefore also the initial transverse axis is assumed equal fo 
2q/(0—tt). 
If, therefore, the distance from the perihelion to the sun after d 
revolutions, which is eyunl to 


ef _ Brlt + of gp 
+f ee 
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be subtracted from the distance from the aphelion to the sun, which 
would develop in the same time, and foutid to be equal to 


E _aieti - iS )ee 
r= aC 2 a 


it will give for the distance of the foc after # revolutions 


_3he _ tates — $8) 

r—tt ctr — ot)" 
‘The initial transverse axis was 2y/(1—¢¢), and if we divide this into 
the last expression, we get for the eccentricity of the orbit at this 
time: €— Ziste/e, terms in C being neglected as insensible. 

In Fuler’s paper the factor 3 im the last term is inadvertently 
omitted. He remarks that the original eccentricity was {, whereas 
after ¢ revolutions it is decreased by the negative lerm shown above, 
and thus is subject to a secular diminution, owing to the secular 
action of the resisting medium. 

Aiter this (liscussion Euler reaches the conclusion: “A. re- 
sistentia ergo excentricitas continua minuitar, orbitacque planetarium 
propius ad fptram cireularem rellieuntur" (p. 271). 

Fle therefore recognized clearly that the effect of a resisting 
medium isto decrease the eccentricity incessantly, and to cender 
the orlit more and more circular: and had) reached this important 
conchision some fifty-six vears (1746) before the corresponding 
theorem was established by Laplace in 1802, 

Accordingly as Euler's reasoning ts essentially rigorous; though 
tot the same as that of Laplace, it is evident that he was the first 
discoverer of the theorem which is of such fundamental importance 
in the theories of cosmogony. 

It is remarkable that although Laplace had this theorem clearly 
before his mind for a quarter of a century at the close of his. life 
(1802-1827) he did not once suspect that the planets and satellites 
had originated in the distance and through the action of a resisting 
medium had eared the centers about which they now revolve, and 
thus acquired the wonderful circularity of their orbits. 

Tt is well known that Laplace contimually refers to these bodies 
as detached by rotation, in the form of zones of vapor, as first 
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dutlined in lia nebular hypothesis of r7o6. He thus misled the 
screntine world for more than a century, Hill the capture theary, 
mvelving formation in the distance with subsequent approach to 
their central masses, under the secular action of a reststing medium, 
was developed by the present writer in tgo8—to, 

itis equally well known that Laplace always held the comets 
to be foreign to our ‘syster—another nmtisleading doctrine in cos- 
megony, finally overthrown in toio by the independent researches 
of Stromgren of Copenhagen, and the present writer, who showeil 
that the cornets are surviving residues of the ancient nebula which 
formed our eolar system. 

inomy “ Researches,” Vol. [1.. pp. 138-130, | have drawn aitten- 
tion to two letters Grotn Euler to the Royal Soctety, pointing ont, as 
carly as 1740, that the earth was once beyond the present orhit af 
Saurn. He does not there discuss the secular decrease of the 
eceentricity af the planetary orbits: vet as he had rounds for hold. 
ing to a secular approach to the central masses, he was the first 
writer to outline sound views in cosmingony. 

Uniler the circumstances it appears appropriate that the Uheorern 
in) the secular decrease of the cecentricities of the orbits of bodies 
moving in tesisting tmerlia,-should be known by the name of the 
uler-Laplace theorem, This recognizes the correet historied) ile- 
velopment, as now tnaile out; an! probably will always hold a 
findamental place it the science of celestial evolution. 

Mane Tstaxn, CAniroania, 

April 6, 19s, 
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VARIATIONS OF LATITUDE: THEIR BEARING UPON 
OUR KNOWLEDGE OF THE INTERIOR OF THE 
EARTH. 


By FRANK SCHLESINGER. 


To review even hastily the contributions that astronomy has made 
to our knowledge of the figure and dimensions of the earth and the 
constitution of its mterior, would consume more time than | can 
fairly claim as my share this afternoon. Let me therefore pass over 
those points that are on accepted ground and are matters of general 
agreement from the different pomts of view represented in this sym- 
posium; and let me dwell instead upon certain recent developments 
especially in need of consideration, concerning which the astronomer 
(lesires the criticism and help of the geologist, the seismologist, rhe 
physicist, and the meteorologist. These developments have come to 
us directly or indirectly through a study of latitude variations, so 
that most of what I shall have to say will deal with this subject, 

Although variations of latitude-are in a sense a very recent addi- 
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tion to cur knowledge, yet on the theoretical side, at least, we find 
the beginning more than a century anda halfago. In 1755 Euler 
considered “the rotation of solid andl rigid bodies” ina memoir that 
is now Tecognized as the foundation stone for our edifice, He 
showed that if such a body 1s projected into space it will exhibit two 
kinds of rotation; the first of these is the familiar one that corre- 
sponds to the day in the case of the earth: the other is more subtle 
and corresponds to the variation of latitude. By reason of this the 
axis. of the diurnal rotation is continually changing within the body, 
progressing in a régular way and coming back after a time to its 
earlier positions. An ordinary top gives ts 4 simple example of this 
kind of rotation. The spinner imparts to the top a motion of trans- 
lation as well as a rotation, and if we wish to study the rotation we 
must arrest the translation in'some way. This we can do by letting 
the top fall upon a hard surface in which the iron pep soon wears a 
minute hole for itself, and the effect is to stop the translation of the 
top without modifying seriously the rotation.. Then we can see that 
while the top is turning very rapidly around an uxis; this axis js 
itself rotating in a comparatively lejsurely way. Jusi the same thing 
is-oceurring with the earth: the point (or pole) at which the axis af 
the daily rotation pierces the surface of the-earth is continually in 
motion. If we could take to the neighborhood of the pole a modem 
instrument, and if we could observe there at leisure and in comfort, 
we should have no particular difficulty in finding the position wf the 
-pole within a meter. Butif we should repeat these observations a 
tew moniths later we should find that the pole had wandered Away 
to some distance. To be sure, this distance would not be great and 
“all the wanderings of the pole that have thus far been observed vented 
he plotted to true seale on the floor of a room not much larger than 
the one we are in. Of course if the pole is MHVINE, so too is the 
earth's equator ; and thus the latitudes of all poms on the earth ore 
varying. Such wanderings as these need not disturb the peace of 
mine of those gentlemen who like to (liscover the arctic aries ‘Ant 
arctic pole. Under the circumstances: that the polar explorer must 
work and with the meager instruments he can transport, he is glad ta 
determine hts latitude within half a mile of the truth. 
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We nmst understand that it is only in our time and only after the 
lapse of many yeirs since Euler published his memoir, that latitude 
variations have actually been observed, There was nothing in 
Euler’s theory to indicate how large o variation ta look for. since 
this is a matter thar depends upon the whole complex of “ initial 
conditions,” of which bur knowledge is the very vaguest. But this 
theory does tell us what the period of the variation should be, since 
this depends upon the shape of the earth and the distribution of 
the material within it, and precisely the information that is: here 
needed is afforded by a study of precession. Applying this infor- 
mation Euler was able to say that the period of the latitude yaria- 
tion should be ten months. Bessel at Konigsbere in 1842, liter 
Peters at Pulkova, Nyren afso at Pulkova, Downing at Greenwich, 
and Newcotib at Washington, all searched their observations for 
evidence of a latitude variation having a period of ten: months, but 
all im vain. Astronomers concluded that if latitude variations 
existed at-all, their extent was too small to be detected ly instru- 
ments of the precision that had then been attamed. 

Toward the end of the nineteenth century vague whisperings 
that this conclusion might be incorrect seem to have been in the air. 
But the first clear word to this effect came in 1888 from the lips of 
Kiistner at Berlin, He had invented and applied a method for de- 
termining the amount of the aberration of tight; but he found that 
his observations gave well-nigh impossible results, agreeing neither 
among theniselves nor with earlier reliable observations. By a nice 
chain of logic he was able to exeluile one possible explanation after 
another until there was left only the supposition that the latitude of 
his station had changed while his observations: were in progress. 
Next he examined nearly contemporaneous observations made at 
other places, and] when he found that he could account for certain 
puzzling discrepancies, he no longer hesitated to announce that tati- 
tudes. were variable after all. 

This announcement awoke the fiveliest interest and encountered 
no little scepticism. Special observations were at once set on foot 
at Various observatories in Europe and America, as well as ata sta- 
tion near Honolulu in the Sandwich Islands, These islands are 
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about opposite in longitude to the European stations, and thia was 
the reason for establishing a station there, For obviously uf the 
pole is really changing its place thet the changes in latitude for two 
opposite stations will be the reverse of each other. When in 1893 
this was found actually to he the case, other possible explanations 
for the observed phenomena at once fell down, andl latitude varia- 
tions became for the first time a universally accepted fact. 

Much time and effort have since been expended in attempting to 
formulate the “lnws” of latitude variations and to give then a 
mechanical interpretation, But observation has shown that the 
variations are of unexpected complicity, and os a consequence we 
are still very far from having satisfactory knowledge of this subject. 
By the same token it is probable that an intensive study of these 
variations, particularly from points of view other than the astro- 
nomical, will teach ws much concerning the interior of the earth as 
well as some of its surface phenomena. 

It was the late Dr. Chandler, of Cambridge, Maszachusetts, who 
took the lead in investigating the nature of latitude variations. By 
overhauling ancient observations (made of course without any ref- 
erence to the present subject) he was able to trace the presence of 
the variations back to the time of Bradley in the middle of the 
tighteenth century, This it happens that at the very time that 
Fadler was writing the first theoretical paper on the subject, Bradley 
had already begun making the observations from which the actual 
existence of latitude variations might haye been proven at once. 
Chandler was able to gather similar evidence from other miscel- 
Janeous sertes of observations anil thus to set down a tolerably con- 
tinuous record of the variations during a century and a half. How- 
‘ever interesting a fact this may be from: an historical point of view, 
‘Wodoes not help very much in a practical stwly of the sthject. 
There are two reasons for this: first, it is only for European sta- 
tions Gand for the most part only for Greenwich) that we have atry 
knowledge of these earlier variations; the ather component! of the 
wanderings of the pole, namely that in the meridian at tight angles 
to the meridian of Greenwich, did not begin to be known until very 
revenntly. Again, these ancient observations were undertaken for 
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certain definite purposes that they served ae well as could be ex- 
pected for their time; but they were not intended and are not well 
‘suited for precise determmations: of the latitude, Close acquamt- 
ance with the subject has tinght us that exceedingly delicate ob- 
servations are necessary to define the variations with adequate ac- 
curacy. [f [held in my hanils two plumb lines half a meter apart, 
they would not be quite parallel to each other, though both are 
exactly vertical; if they were prolonged, they would mect some 
where near the center af the earth, 4,000 miles below. The angle 
between them js a little fess: than o”.o2 and represents approximately 
the accuracy that is demanded and that has recently been attained 
in latitude observations. This success is due chiefly to the Inter- 
national Geodetic Association which has ‘organized an“ international 
latitude service” of high efficiency, and to whose efforts and ex- 
perience are die the improvements in instruments and methods that 
have made possible this extraordinary degree of precision. ‘Since 
1899, the Association has maintained six observing siations for this 
sole purpose, two of these being in our own country. One of the 
minor effects of the war that ts now raging in Europe will be the 
discontinuance of some of thece stations. One of the American 
stations has already been abandoned and the same fate will over- 
take the other in June, 1916, unless some independent means of 
maintaining it, at least temporarily, presents itself soon. An in- 
terruption of these observations would be a great pity, for this ts 
one of the cases where a:continuous-tecord is highly desirable. 

To 'return to Chandler and his work on these variations, per- 
haps the inmost important of his achievements was to show that the 
principal term in the variations, instead of having a period of ten 
months in sceordiance with Euler's (heory, las im reality a period 
of fourteen months. This difference explaina the failure of Beseel 
and all the others who preceded, Kiistner to find a latitude variation 
in their observations; for, relying upon Euler’s results, they had 
all tester] their observations for the ten-month yariation and hail 
saught for no other variation, For the same reason, Chandler's: 
announcement of the longer period was recerved with incredulity 
i Some quarters, aul this feeling did not vanish until Newcomb 
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pointed out that Euler had made a certain assumption regarding the 
interior of the earth that had in the meantime been universally dis- 
carded; his period of ten maths applies in fact only to a perfectly 
rigid and wnyielding earth. Newcomb showed that if the earth 
vields to deformation to the sante extent as though it were composed 
throughout of steel, then: Euler's period would be lengthened to 
about fourteen months. Here we have the first dependable deter- 
mination of the rigidity of the earth, o result tha: has since heen 
confirmed in several ways, particularly by 4 measurement of “ bodily 
tides” in the earth. 

The fourteer-month term (or the modified Eulerian term aa it 
is now called) has been under accurate observation for a quarter of 
acentury. The period can probably (though not certainly) be re: 
garded as constant, This is what we should expect, for a change 
in this period would call for a sensible alteration in the distribu. 
ion of the material within the earth, or a change in the rigility of 
the earth. The amplitude of this term presents a very puzzling 
pitoblem. Its usual value is about o”_27, but twice in recent years it 
hus jumped to about o”.40. Such a change could be accounted for 
by supposing that the earth had received a severe blow ora succes- 
sion of mulder blows tending in the same direction. We are -re- 
minded that both Milne and Helmert have suggested that there 
might be a direct connection between latituile variations and earth- 
quikes. ‘This suggestion was originally made by Milne very early 
int this century when the astronomical data Necessary to Lest it were 
still very meager. It ik to be hoped that the question will be taken 
op again in the ight of the information that has heen adided cur- 
ing the past ten or twelve VCurs, 

‘Though the Eulerian term is the largest part of the latitude 
variation, it i by no means the only important one. We have next 
an annual term with a maximum amplitude of about o*.20; We 
may sav with some confidence that th is term is seasonal and me 
logical in its origin, but at present no more definite statement would 
he warranted. It Was carly sugwested that ocean currents might 
cause this, variation. These currents would. have to. vary ‘eréatly 
with the season, either in the volume or the speed | z ay 

om | of the flow, or im 
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its direction; for an unvarying current woul: merely modify the 
Eulerian term once for all and would leave the latitude yanations 
otherwise unchangeil A similar suggestion has been made with 
regard to air currents, and appeal has also been made to unequal 
deposits of snow and ice on two opposite hemispheres of the earth, 
to account for the armual term. It seems to me that these explana- 
tions have not been subjected to the critical numerical tests that are 
possible and desirable, The meteorological data are doubtless com- 
petent to enable us to compute at least the order of the effects in 
the latitude variations that we should expect trom these various 
causes. Furthermore the annual term je probably variable in its 
amplitude, anc it is important ta ascertain how (if at all) these 
changes are related to the corresponding meteorological observa- 
tions. 

One other term must be mentioned in this brief summary, A 
few yeats ago Kimura of Japan made the important discovery (the 
most striking coninlution to astronomy that has ever come out of 
Asia) that the latitudes of all stations are affected by a. variation 
that does not depend upon the longitude but which is the same for 
all points in the same latitude. In other worils there ts present a 
variation that is not due to the wanderings of the pole. To ascer- 
tain more closely the nature of this term, the International Geodetic 
Association extended its latitude service temporarily to the southern 
hemisphere, with the result that the term was found to he of pre- 
cisely the kind that would be caused by an annual wandermg of 
the center of gravity of the earth to and fro along the axis of rota- 
tion. This must be regarded merely as an illustration and not as 
in explanation, for so great a change (about three meters) im the 
position of the center of gravity is excluded on other and very con- 
clusive grounds, No plausible explanation for the Kimura term 
has as yet made its appearance, and-as a consequence the reality of 
the term has heen questioned from every possible point of view. 
Many explinations have been advanced, each of which sought te 
account for the term as merely an instrumental effect or the like, 
just aa was the case twenty years earlier with the whole of the lati- 
tude variation itself, Against such attempts the Kimura term has 
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held up very well. It is not too much to say that at the present 
ume all but one of the numerous explanations of this class have 
been disposed of; this exception deserves a brief mention, particu- 
larly as it calls loudly for the attention of the meteorologist. Let us 
suppose that the layers of equal density in the atmosphere above a 
station are not horizontal, but that they are sensibly inclined. Lf 
this occurs without our knowledge, as it would under ordinary cir- 
cumstances, then we should apply refraction to our observations in 
a slightly erroneotis- way and we should derive a value for the lati- 
tude that is not quite correct. Let us suppose further that this 
effect were a world-wide one and that in any given month there 
would be a pronounced tendency for the inclination to be in the 
same sense in all latitudes, north and south, as well as in all longi- 
tudes. Then we should have a set of circumstances that would ac 
count for the Kimura term as an atmospheric effect, and therefore 
it would be excluded as a real variation of latitude. So far as the 
astronomer 15 able to testify, the evidence is against the occurrence 
of such tilts in the atmosphere. The inclination required tio account 
quantitatively for the amplitude of the Kimura term is over two 
mimites of arc, or a slope of about one part in fifteen hundred. 
Presumably im a few years we shall be able to say something more 
definite as to the possibility of the existence of such conditions. 
My own) opinion is that this explanition, like sx many others of 
similar character that have been stiggested for the Kimura term, 
will be found untenable. Further | venture to think that lastude 
vanations asa. whole will find their explanations less on 
of the earth and more iv its interior than 
generally accepted opinion, 
Aimronrsxy Onrerratony, 
University or Prrreatnge. 
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A PRACTICAL RATIONAL ALPHABET. 


By BENJAMIN SMITH LYMAN. 
(Read October 1, 115) 


How to reform English orthography, and reduce it to simple 
regularity i4 an interesting problem. Repeated efforts have been 
persistently made im that direction. Among others, overhasty 
enthusiasts, in their disgust at the trregularities and phonetic m- 
adequacies of the estalilisheil English spelling, have insisted that a 
comparatively few of the most glaring irregularities should be 
“simplified “ at once, hoping that later on another larger batch of 
“corrections” may be adopted. Of eourse, such alterations from 
the established usage can only come: gradually into general, or estab- 
lished, ase; not in Jess than hity or seventy years, as may be seen 
in the few «mall changes urged by Noah Webster. Meanwhile. if 
the alterations meet with somewhat wide acceptance, there must be, 
on the whole, very greatly increased irregularity in Farglish spelling, 
approaching, indeed, chaotic lawlessness. The repetition, and there- 
by prolongation of this painial unruly condition of our orthography 
in such an ill-considered effort at reform mist remiml! one of the 
pretended humanity of cutting off a dog’s tai) by stages of un inch 
at a time, Would it net be far better to devise a practical and 
thoroughgoing system of orthography to he used alongside of the 
present established usage: and to become more-and more used, 
until at last, it may become altogether adopted and universally used? 

There are serious difficulties, however, in setting up a practical 
and thoroughgoing system of orthography. Any plan of reformed 
orthography should never fail to keep im mind the necessity of being 
thoroughly practical, if the least hope be entertained of its coming 
into utiversal, or even common, use, “The great, widespread vogue 
of the Roman alphabet 1s doubtless due to tts even rude simplicity; 
and in many hundred years it has been impossible to introduce mto 
general use more than a yery few extremely simple modifications of 
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the original forms of the letters: as for instance the carvilium to 
distinguish G from C and the distinction between J and T and 
between DU and V, which appear to be still struggling for complete 
prevalence. lt may, however, be borne in mind that notable addi- 
tions to the Arabic alphabet have been made and accepted in order 
to express additional sounds in Persian or other languages: tit it 
is noticeable that such added forms are strictly in keeping with the 
original character of the alphabet. ‘The Russians have also strongly 
modihed the Roman alphabet, and not always quite in keeping with 
the rude simplicity of its general character; yet have established its 
use throughout a great empire. In proposine new forms of letters 
for newly distinguished: sounds, it is certainly advisable to maintain 
some restramt upon one’s fancy, to adhere ta the utmest simplicity, 
and to depart as little as possible from the genera! character of hare 
simplicity of the Roman alphabet, making use, so far as. possible. 
of old devices, and putting forward as few novelties ae possibile, 
to be learned and made familiar. It <eems highly desirahile to avoid 
the use of altogether outlandish forms like the fully obsolete ofd 
Anglo-Saxon letters, wholly ont of keeping. with our moder 
alphabet: or to offend the eye by intermixing italic letters with 
Roman and by other tastelese similar devices, or ly interspersing 
inverted letters, though to be sure of good Roman shape. Above 
all, however, fet ns avoid separate diacritieal marks to ‘hiztingnish 
sounts marks that are a nuisance to write, an obscurity to read, and 
by their occasional forgetful omission a fitful source of mislead- 
ing. Espectally the we of dincritical marks In a way oppese! to 
their time-honored significance, is to he reprehended = as for example, 
the use.of an accent to indicate merely the length of a vowel. Such 
practice has misled commonly inte various errors of pronunciation 
of some oriental words. We shall see if there be any Serious 
difficulty im getting handsomely along without any of those hastily, 
inconsiderately adopted, tempting, shallow, easy, tut terrible. make: 
shifts. “There are some restraints, or guides, which must cogently 
influence our choice of letters or symbols to be used in indicating the 
tifferent sounds of the language Tt jg highly desirable, or ab- 
-solutely necessary, that cach sound should be indicated by only one 
letter, and that each letter should have but one sound: and it would 
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be absurd to acknowledge that principle, and then as in. Volapuek 
and Esperanto, at the very outset give to. 2 the sound of two letters, 
ts, merely becattse it happens to have those sounds in German. 
Another important principle is to give to letters or devices the force 
that they already have, and Jong have had, m the langnages where 
they have been in wee. In general, the customary practice of the 
majority should have sway, requiring the minimum of new learning. 
As Enelish is far and away the most muimerously spoken language 
throughout the world, the sounds: to be attributed to the consonant 
letters should be as in English; though, owing to the extreme irregu- 
larity and variety of the English vowel letters, they must grve place 
to letters that are more prevalent in the other European languages. 
The English consonant ¥, for example, should be used; not, as in 
Esperanto, the letter 7, which has that sown among the compara- 
tively small number who ue German and Itatan. In Volapuek, j 
ig made to serve for the English sh, a most unheard-of use 

In English, the combinations ch, sh, fh and wh each is used for 
a single sound, and it ts desirable to substitute for it a single letter. 
Would it not be highly practical to write those sounds by means, in 
tach case, of merely the first of the two letters with a subscript 
small appendage somewhat similar to the old device of the French 
cedilla, though a little different in form, to represent the letter fi, 
and having a more or less distant resemblance to it in shape? In 
cursive writing, the resemblance to an fA need mot by any means he 
close, and may be really abbreviated, as there would he no danger 
of misunderstanding. We have, thereby, four new characters with 
but a single device to remember, and that not a new one, and the 
new forms are entirely in keeping with our old alphabet and with 
already customary methods. As to the sound of ch in church, 1 13 
sometimes maintained that it is in reality a sound compountled of t 
followed by sik. But that is clearly an error; for even the ear can 
distinguish a difference in the sounds, and the sound of ch is:as dis- 
tinetly different as is the sound of the opening or closing of a same- 
what tightly swollen door, compared to the mild clapping to of a 
well-fitting closure: The peculiarity of the contact of the tongue 
amd roof of the mouth, with the consequent vibrations of the roof 
of the mouth, occasions 2 peculiar sound different from f¢ and from 


a62 LYMAN—A PRACTICAL RATIONAL ALPHABET. = [Oet-#, 


sh. A corresponding difference occurs between the sound of -a 
smack with the lips and por b. The sound of sh, az in pleasure, 
would, of course, be indicated by ¢ with a subscript &. If it be de- 
siretl (unlike ordinary English) to distinguish the sound of th in 
this from that in thin, the logically analogous and simple mode of 
writing it would be with a d with a subscript kh, The whispered, or 
surd, ¥, heard in the word Awe, might also be indicated by a ¥ with 
a subseript h. The guttural sounds indicated in oriental trans- 
literation by kh and gh, would Wkewtse be represented by & or g 
with a 4ubseript A. Until types of these new forms are to be had, 
we may provisionally, instend of the subscript ft, use a small A at 
the side: icy, a. ta du Ra ae, tt, Ye The simple eound written in 
English with ng should be indicated (as proposed so long ago as 
Benjamin Franklin) by a character similar to ag but with the upper 
part in the form of an», for which there is already type. 

Other consonant sounds, the so-called) cerebral sounds, Occurring, 
for example, in the Sanscrit and in the dialect of Peking, could be 
simply indicated in a similar thanter, by PIViTE to the upper part of 
the corresponding letter the shape of an r: since thoée sounds are 
made with the tongue rolled tp, as for at: r In Sanscrit. such a 
modification of sh occurs and in the Peking dialect Vv 18 50 pro- 
nounced, with the tongue rolled up, and may be indicated by a y 
with the upper mght hand fork in the shape of ay r ( provisionally 5, 
‘and y")- 

With these four or five simple characters, we have then a. full 
‘supply of consonants without going outside of thie ordinary Enelish 
usages b,c. eh, d, dh. f. ¢ (always as in give, get), j,k mom per 
$, sh, f, th, vw, ¥, 2, 2h) omitting 4, and ¥, as supertious : and using 
c, only with the subscript A. Indeed as the c is only so wel, even 
if the subseript # should be omitted there would be no danger of con- 
fusion, and ¢ would have before all yowels the same sound that it 
has in Italian before, and #, H is sometimes reckoned asa con- 
sonant, but, of course, erroncously, as it is the whispered form of 
the vowel that follows it. 

As already intimated, order out of the chaos of English vowels 


is anly to be attained by adopting the more uniform practice of the 
Enropean continental countries, with a, as in arm, o asin note, % as 
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in rule, igs in pique, ¢ as in they; and, for the vowels, we must 
abandén the hope of inilicating by a separate character every one of 
the infinite number of shades of <ound, a few of which oceur in 
such. series of vowels as in: hate, hale, hare, hairy, Harry, hal, hat. 
The progress of enlightenment in thousands of years has led to far 
greater nicety of distinction In vowel sounds than was common 
formerly. But instead of five or six vowels that jt was then found 
worth while to indicate by separate characters, it would now be 
hardly practical to have distinct letters for more than eighteen: or 
twenty vowels and that number may he very practically arranged, 
A difficulty in bringing into general use any such somewhat 
nicely adjusted system of indicating the sounds, especially the vowel 
sounds, of any language is that the pronunciation of worils is dif- 
ferent in different regions and even among different families and 
individuals of the same region: nay, even with the same individual 
according to varying emphasis in different connections, a5 fa m 
soing to Boston,” and “to and fro™ and the pronunciation some- 
times varies through slackness or slovenliness of articulation or 
enunciation, as: in «ubstituting a alight vowel sound tor the con- 
somants y andi in such words as they and snow, or in dropping + 
altogether after a vowel and before a consonant, as in erm. Hence 
strict regard to phonetics would give the same word several dif- 
ferent forms according to the taste or habits of different writers, 
and stand seriously in the way of the uniformity of spelling that 
wotild be extremely desirable for at least a literary language to be 
used in conimon by a mumerous people. 
As regards the vowels Professor Samuel Porter over forty-eight 
years ago, in the American Journal of Science, September, 1856, 
excellently classified the readily distinguishable vowel sounds of 
English and other principal European languages, and arranged them 
according to their physiological mode of formation, with a simple 
iustration indicating nine different parts of the mouth where the 
tongue is placed to give the form-of cavity, which with the issuing 
breath, will produce each vowel sound. So simple are the plan 
and the illustration that they have been perfectly successful im in- 
ducing very ignorant Orientals (in India and China) to indicate 
thoroughly and simply the mode of formation of some of their most 
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peculiar sounds, which to ordinary foreigners without Porter's help, 
and with merely the ear as a guide, are mysterious and even con- 
sidered quite unatiainable. He distitiguishes nine points at whith 
the tongue is placed, and at each of those points, four degrees af 
openness; making thereby thirty-six readily listinguishable vowels. 
But a number of them are not in ordinary use, and are therefore not 
lo be considered in any orthographic scheme, A few additions are 
o be made on account of the effect of stiffening the lips, changmeg 
the sound, In order to accommodate ouréelyes to this classification 
of the vowels it is desirable to add to our letters ze (not a new 
combmation) as ae in German Maedchen, for the sound of a in 
care jand o¢ (gain not new), nearly like the oe in German schoen 
for certain ¢losely allied sounds: and « new character, like the 
Swedish a, with anve over it: tut contracted into a single form, for 
the sounds, like a in. tar, or o in ford, or og in. broad. Yet another 
new form:>may be added, # with a stroke like an accent just to 
its left, to correspond with the French acute-accented ¢ We have, 
then, nine characters for Porter's nine froups of four vowels each. 
He culls attention to the fact that in each group of four vowels. 
differing only in the degree of closeness of the tongue at the canie 
place in the mouth, two of the four are long-and two short. Let ws. 
therefore represent the long vowels by the ancient device of simply 
doubling (with slight contraction) the letter sed for the short 
vowels, as the Greeks already set us the example with their omega. 
Al the vowels cin in like manner he doubled, and somewhat con- 
tracted, making at once cighteen easily written and easily read 
vowels conforming well to the already estalilished character of our 
alphabet. Until appropriate type for the purpose are to he had. 
we might provisionally merely double the present letters: as: ga. 
ec, ete. In one or two cases the number can) be increased by 
indicating a labial modification of the vowel by means of a small 
upright stroke, an abbrevinted / (provisionally a small t), close to 
the right hand of the letter. In this wily, We are easily provided 
with about twenty vowels, apparently an ample -supply for the 
English language, 

Tet us now consider the vowels one by one, more particularty. 
In group T, the a of las, ask, chant, is short; while that of father 
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and calm is long; and that of baa, ah, arm, charge is still broader. 
The two last would therefore be written with a double letter 
(provisionally ga); and there would be no need to distinguish in 
writing between these two, because there is distinction enough in the 
following r or h.. 

In group I], the two closer vowels, as (long) in war, lord, OTe, 
fause, or (shorter) all, water, lony, dawghter, are both tabially 
modified, by stiffening the lips; and can be so indicated by meaits 
of a small upright stroke (an abbreviate:! J, provisionally a amall /) 
just to the right of the letter. ‘The longer vowel can be indicated by 
doubling, as already described, The shorter and not labially: moddi- 
fied vowel of the second degree of openness is heard in the words 
salt, although, cross, horror: and the third (legree Of openness, also 
not labially modified, occurs in sed, wor, off, that, knowledge; and 
may be written with an a combined with an o, like the corresponiling 
Swedish letter, but more contracted, These two closely ‘similar 
vowel sounds, scarcely distinguishable by ordinary ears, it seems 
hardly worth while to provide with separate letters (though the 
distmetion of the third degree might be marked by a sniall 4 just to 
the right of the letter). ‘The fourth degree of opentiess does. not 
occur in ordinary speech, 

In group IIT, in like manner, the least open vowel, aa in ote, 
toe, low, loaf, door, mourn, being longer, may be written with a 
double letter (like the Greek oniega), or, provisionally, by a repeti- 
tion of the single letter, 00; and might be marked as lalially modified, 
m the way already indicated. But this is hardly necessary, because, 
in English, it always has that modification, making it unnecessary to 
imark it, The next degree of openness is likewise always labially 
modified, and being short would be written with a single letter, It 
is also distinguished ly ‘being an unaccented vowel, ‘The: third 
ilegree of openness, as in not, dot, folly, knock, proper, bite, eve 
(ey, a short e followed by the consonant y) wcctirs only in accented 

syllables, and is thereliy sufficiently distinguished, 

In group TY, the long sound of the vowel in rule, sure, fool, pool, 
moon, shoe, soup, would be written with a double vowel (provi- 
sionally hy wu), while the vowel of the seconi degree of openness, 
asin full, pull, bosom, woman, should, goad, foat, book, would be 
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written with a single letter. Both these vowels are labially modified, 
and might be so marked, in the way already indicated, but it is 
annecessary-so to. mark them, because there is no vowel in English 
with which they could lic confounded, Jn the third egret of open- 
ness, the unaccented vowels in fulfill, and willful, occur; but 
(written with a single letter) are sufficiently distinguished by the 
absence of accent. “The fourth degree of openness does not Geet in 
good English. 

In group V, the first and second degrees of openness, occur in 
the German oe, and the French cu (nearly, though not quite, the 
samme) ; but notin English, The second degree of openness without 
labial modification occurs in English only before r as in mercy, 
virtue, girl, myrtle, eorl, pearl, earth; and may be written with a 
single letter (or). In the third degree of openness, likewise short, 
aml to be written with a single letter, occurs the so-called natural 
vowel, accented, and without r, as in-wp, but. Tn the fourth degree 
(written with o doulile vowel), long, occurs before r the vowel 
sound of ture, occur. 

In group VI, the long sound, with « double letter (provistonilly, 
the. single letter repeated, i¢ «), is heard aa the @ in parent, «lin 
their, ai in fair. Tt is the German we in Maedchen, and the French 
(in apres, sctie, pire. The second degree of openness, with a 
single letter, is heard im care) there. prover, heir, parr; in cach case 
followed by the sound ¢. Without that sound of +, the third degree 
of openness gives us, with the same letter, the a in at, cof, man, sad, 
hap. The absence of the r makes it unnecessary for themt to dis- 
tinguish the two slightly lifferent yowels, 

In group VIL, the first degree of openness with a double letter, 
or, provisionally. the single letter repeated, ee, gives na the «in 
they, grey, and the like sounds in fate, name, great, vein, hail, pay: 
the German mvhr, jeder, ledig, See. The second degree of open- 
ness, with a single letter, gives us the a of unaccented svilables, a5 in’ 
nirate, climate. ‘The third degree of openness, with the same 
single letter, occurs in accented syllables, as in get, cau, red, mend, 
The fourth degree does not occur m English, 

In group WHI. the first nnd fourth degree of openness do not 
occur in English, The first one, to he written with a double letter, 

Fat AMER, PHIL. $0C,, LIV. 230 ¥, PRINTED FEURUARY 35, 1916, 
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occurs in the French acyte-accented # and ai. The second degree 
of openness (written with a single letter, provisionally, ‘ean ¢ with 
4 small upright mark, or figure t, above at its left) occurs in Eng- 
lish if, unaccented syllables only, a6 in guineo, valley, carricd, city. 
The third degree of openness (likewize a-singte letter) Wiffers so. 
shehtly from the secon! ac hardly to need a separate character, 
though tt might be marked with a stall abbreviated 3 mit to the 
right and upper part of the letter 7 Ih occurs in the unaccented!: 
syllables goodness, college. 

In group TX, the first degree of openness, to he marked with a 
double letter (provisionally, #), is found in the i of Pique, machine, 
When this is labially modified by stiffening the lips, it hecomes the 
French w, asin ruse, and the German we, as in neber, to be marked 
with a small stroke, an abbreviated {, at the right of the letter. The 
second degree of openness. to be marked hy @ single letter, occurs 
in unaccented syllables as in divine, rehicle, mitigate, The fourth 
degree of openness does not occur in English, 

We have, then, for the vowels nineteen letters; distinguishing all 
the readily distinguishable vowels used in English, Ts two or three 
cases the distinction is indicated by the aveent as in certain wmiac- 
cénted syllables, as in fl fill, gdadness; and in other cases hy the 
subsequence of the sound r, as in girl, Even these ‘light differ- 
ences could he indicated by a-scrupulons writer with an abbreviated 
figure 7 alongside, to the right, and at the upper comer, of the 

Having thus made possible the writing ‘of 
takable letters, each letter for a single sotmd. and each readily dis- 
tinguished sound by a single letter, a strong reason Gs advanced in 
favor of the general adoption of ‘Englich as a iniversal language. 
Indeed, it is ardently: to he hoped that eventually some one language 
may become univ ersal, «ind known to the whole human ree. Tatin 
ae formerly sa widely known: and extensively assed among the 
file civiliziest nations as to give some color to its claim to heeome 
A Hmversil language, But the eradually incrensed refinement af 
ideas in modern tines: has apparently made i imposible to. be 
eacae with, ti badd and tude a method af communication. The 
MODES SEUNG Taiguages proposed for this-purpose, even TE not 


Englith with ummis- 
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liable to the same objection, or to greater crudity, are yet additional 
languages to be Jearned. English already known to 1 much larger 
number of men than any other language, seems to he, by all odds, 
the best adapted to hecome, perhaps with slight modifications, a oni- 
versal language. The sinyplicity of its grammar, aside from orthog- 
raphy, makes it remarkably easy for foreigners to lear: and, for 
use in universal form, the comparatively few irregularities of gran 
nar might considerately be eliminated, so that (in wiiversal form) 
it nught be allowed. to-say mouses, instead of mice, and digered in- 
stead of dug. English has already shown its capacity to express 
perfectly the finest distinctions of ideas and must in that respect far 
excel any artificial language, like Esperanto, or Volapuek, with their 
rude. bald, lack, for example, of the definite or indefinite articles. 
A rational, phonetic, practical spelling would, then, make English 
ideally perfect for a universal language. Clearly, tor that purpose, 
the usage of speakers of some region, or of sonic degree of cultivn- 
tion, with some degree of enmpliasis, must be selected as the norm to 
which the written Innguage should conform, in order to take the 
writing and spelling in the main, though not always in every minute 
detail, phonetic, Well taught children should, then, everywhere learn 
to pronounce the words. as they are spelled, and not be allowed to 
drop the sound of rin arm, ar pervert the sound of (he English long 
u (like vw, except after the sound of ch, 7, r, sh, th, or-¥), Normal 
schools should train teachers in these details so that the children 
may be properly drilled. In that way the language would be rightly 
conserved, and would tend 1c hecome fit for universal use, 

One serious difficulty in the adoption of any such improvements 
of our alphabet is that there are so many men who excel more in 
persuasive eloquence, in “the gift of the gab," than in a thorough 
knowledge of phonetics and inclination to careful reflection, Cad- 
mis could not have been 9 ready tongued, shallow utterer of rapidly 
up-bubbling superficial thoughts. A group, or committee, or society 
of such quick-witted individuals (perhaps some of them go densely 
IgnOTaNt A$ to suppose A to be a consonant, instead of the whispered, 
ay surd, form of its following vowel, or to msist that the English 
ch, and j are compounded of sounds distinguishable even by the 
ear, and as much tnlike the real ones as the bursting open, or bang- 
ing shut of a tightly swollen door, is to the mild clapping to or open- 
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ing of a well-fitting closure), may make bold to put forward by 
their majority vote some alphabetic, or orthographic, system (as the 
Japanese Roman Letter Society did), and may really delay for a 
jong time the adoption of an altogether rational and practical method, 
It would be much better for individuals to propose their own plans, 
and put then into use by themselves and hy a portion of the public. 
Gradually, the best of such plans would take the lead, and come into 
more and more general use, without having to overcome at tle outset 
the prestige of the dominant approval oi a high-sounding sachety or 
committees. En any case, it would clearly take many years for such 
4 Tational new system fully to supplant the present established meagre, 

Meantime, it might be advisable to do something towards. 
suinplifying the learning of the present established spelling, To be 
sure, the difficulty of learnmg it has been much exaggerated, owing 
to the general extreme neglect of the study, Tt coems, however, 
possible that the six weeks or <o that appears to be ample for a half- 
grown hey or girl to learn to spell well might be reduced ton couple 

of weeks, at most, with = properly arranged booklet: a9 that the 

present muititudinous army of typists might readily fit themselves 
fo avoid tormenting thetr employers by ignorance of so simple an 
art ‘as spelling. 

But however advantageous «a simple, purely phonetic spelling 
might be toa defectively educated typi, or to an adult foreigner, 
let it not by-any means be imagined that the time spent by children 

(in acquiring our more complicated established Orthography ts we- 
lessly thrown away. On the contrary, it j< 9 highly useful discipline, 
Hot only training the memory in a simple way, well adapted to 
young children, but giving most valualle habits'of ¢lose and accurate 
minute observation (the precision that is the most eficient and to tho 
conservation of language), and enabling the easy wulerstanding: and 
remembering of the proper more of writing-a new word or name 
Such habits may also he acquired by certain games of children, but 
in a wily not a whit more interesting or “tseftl” thon heron! 
fashioned spelling match, The comparahively recent way of teach 
ing to read by the general appearance of the word, and with total 
neglect of syllahical spelling, is detestable. and produces results that 

are full of torture and. disgust to thoxe who have to Hsten 10 such 
reading. 
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L INTRODUCTION. 

This paper is based upon data collected during the summers of 
912 and 1913.. The former season, Mr, A. ©. Hayes and Prof. van 
Ingen of Princeton University, while making a study of the general 
g¢ology, stratigraphy, and palwontology of the shores of Conception 
Bay, Newfoundland, in connection with the investigation af the iron 
ores of Great Bell Island, came upon the manganiferous rocks of 
the Lower Cambrian exposed at Manuels; Topsail, Bagus, and other 
places. They were immediately struck by the unustial lithological 
and mineralogical characteristics and by the excellent state of preser- 
vation, Particularly at Manuels, of what are undoubtedly primary 
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hedded deposits: Some coilections and notes then taken of these 
interesting rocks were later placed at the disposal of the writer for 
iutther investigation, The following summer of 1974, the writer a 
a member of the Princeton Newfoundland Expedition undertook a 
more detailed study of these deposits at the various localities where. 
the manganese had been found the preceding summer, anid also of a 
deposit of the same age on the northern shore of Trinity Bay. 

There are so lew syngenetic manganese deposits which still retain 
their primary unaltered chatacters and are found to occur at the same 
horizon over stich a wide atea that a somewhat detailed investigation 
gave promise of yielding results of value. In tis paper therefore 
‘there has heen an attempt to present as comprehensive a study of the 
‘Manganese af sottheastern Newfoundland as our knowledge of 
this hitherto bot little investigated region will allow. 

The subject matter ts primarily chemical in ite nature and the 
analyses herewith presented are From samples.taken from the prin- 
cipal mangatiese-bearing beds. Many more-analyses however could 
have been made and in fact many more should be made if the (leposits 
are to he seriously investigated for commercial purpescs.. The 
analyses of the manganese beds at Manucls, Topsail, and Smith 
Pomt, Newfoundland ‘and those of the imported specimens from 
Elbingerode. Saxony were made by the writer in the chemical 
laboratory of the geological department of Princeton University. | 

Because of the impalpable fineness of grain of many of the 
manganese-bearing beds, the petrographical descriptions of necthin at 
the thin sections can deal only with the larger features such as struc: 
ture, mineral aggregations, and a few of the larger and observable 
minerals, 

_ The writer feels particularly indebted to Prof, C. 1. Smyth, Jr. 
for many helpful suggestions hearing upon the chemical side of the 
investigation, and to Prof..G, van Ingen for unpublished information 
regarding the stratigraphy and pakeontology of this région, as well as 
for the loan of the locality maps and data, for the columnar-sections 

which are the results of careful surveys made during the sriuimers 
oF 1912 and: tor3. All photographs and mitroohe 
generously contributed by Prof, van 
of the results of this Investigation, 
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ita] CONCEPTION AND TRINITY BAYS, NEWFOUNDLAND. 9373. 


ll GENERAL GEOGRAPHIC AND GEOLOGIC RELATIONS OF THE 
MANGANESE DEPOSITS OF SOUTHEASTERN 
‘NEWFOUNDLAND, 


GRoGKAPHIC ReLATions, 


The manganese deposits here considered are located im the south- 
easier part of Newfoundland in the vicimty of Topsail, Manuels, 
Long Pond, Chapel Cove, and Brigus on Conception Bay, and at 
Smith Pomt on Trinity Bay, Manganese is also said to occur near 
ships Cove, Mlacentia Ray. The accompanying map, Fig. 1, shows 
the approximate location of these deposits, 


GENERAL GEOLOGY. 


The sedimentary rocks af this areca are inchided in the Cambrian 
and Onlovician «ystems and may be geen on the map (Fig. 1) to 
occur as. irregular patches, the Cirdovician composing the larger 
islands of the bays andl the Cambrian occurring as irregular and. 
widely separited, fringes resting on the pre-Cambrian of the main- 
land. The whole series consists almost wholly of shales and thin- 
bedded saimlstornes with some limestones, and in the hase of the 
lower Cambrian an occasional conglomeratic bed. 

The iron ores of Great Tell [sland are Arenig while the manga- 
nese and their associated green and red shales are of late lower 
Cambrian, 

Wherever the Cambrian strata have been found in contact with 
the preCambrian an uneonforniable relationship exists, The pre- 
Cambrian rocks of this area as classified by Dr, Walcott (2:219) 
and by Messrs. Murray and Howley (18: 141-154) respectively are 
ns follows: 


Wales ‘igersy ond Hawley 
Random 
~ Sigtial Hill Avilonian 
+ ae Mona hile 
Avalonian Tothay 
| Comee grt 1irny Huronnat 
Laurentian Archacan 


The Avalonian and Hourontan of Mr. Towley represent a thick- 
ress of 12.370 feet. A later unpublished estimate of 18250 feet has 
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been made by Mr. A. F, Biddington, who is studying the pre-Cam- 
brian rocks-of this-regign. A. brief description of these formations 
at this time will be necessary for a comprehensive view of the New- 
foundland ‘manganese deposits, 

Laurentian: The rocks of this formation are m great part gneissic 
and granitoid, and are probably the oldest rocks of the-area. 

Huromen;: This formation, which is equivalent to the " Concep- 
tion” of Dr, Walcott, consists principally of the Conception slates 
which are of tufaceous marine origin. They are intruded by bosses 
and dikes of granite, diorite, monzontte, and gabbro, and contain 
basaltic and rhyolite flows. The Conception formation was esti- 
mated by Murray and Howley to have a thickness of 2,950 fect. 

Torbay: This formation consists of about 3,300 feet of green anil 
purple slates and argillites. | 

Afomable> An estimated thickness of 2000 fect of brown and. 
ack sandy shales overlies the previous formation, 

Signal Hill; Red and green sandstones, conglomerates, shales, ani 
arkoses largely of continental origin comprise this formation, the 
thickness of which ts about 0,000. fect according to an unpnblished 
estimate by Mr. A. F. Buddington. 

Random: About 1.000 feet of green aml red sandstenes and 
white quartzites with occasional basalt flows comprise this series. 

Murray and Howley in thetr report of 1868 for the Geological 
Survey of Newfoundland deserihe the general structural features of 
the Avalon Peninsula as follows: 

“The region in question, in particular, and probably the whole islam in 
general seems to be arrange in an alternation of anticlinal ani! syticlinal 
lines, independent of innumerable mimor folds, which preserve throughout 2 
remarkable degree of parallelism, pointing generally about N-NE. and S-SW: 
from. the true meridian, corresponding with the vtrongly marked indentations 
of the toast as ‘well as the topographical features of the interior, One anes, 
great anticlinal form occurs witinn the region examined this year, with a oor- 
responding synclinal; the axis of the former was found to be more or Jess 
nove of which were of less remote antiquity than such as are attributed to. 
the horton of the upper Potsdam group.” 

“The axts-of this anticlinal runs jn a moderitely straight line fron Cape 
Pite on the gouth coast to that part of the Peninenia and coming up fron 
below the Intermediate Series, occupies more or fess of the surface fram 
the vicinity of the Reriew"’s Butterpots to the shores af Conception Bay be- 
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tween Holyrood and Manuels Brook. The newer.or Great Intermetliate 
series which flanks this Lauretitian Nucleus, was found on the Peninaula 
of St. Johns and Ferryland tw show a general dip to the eastward although 
making many minor inidnlations; while on the Peninsula berween Conception 
and Trinity bays the inclination by reversed, lcing nearly uniformly westerly, 
making many repetitions of the same strata however, as an the wpposite side 
of the fold. Corresponding with this great oiticlinal, the measure of the 
Intermediate rocks; as seen at parts of the: eastern coast of Placentia Bay. 
appear, by the generally castern dip which they present, to iticute the mxis 
of a synelinal trough to pay from Trinity Bay in the direction of St Mary's 
Bay.” 

As structural work of a reconnaissance nature only has thus far 
been published t reference to Newfoundland it is hoped that this: 
most interesting phase of geology.of the island may he investigated 
in the near future. The following locality descriptions will take up 
brieily these smaller structural features which may serve as a clue 
to the more general structures of the entire manganese area. 


HL GENERAL STRATIGRAPHY 

Thete is very little published information regarding the general 
stratigraphy of the region under consideration Lut a few observations 
made while studying the individual manganese deposits and other 
information verbally communicated by Prof. van Ingen may be of 
interest at this point. 

One of the most striking features of the nianpanese Hepesits is 
their occurrence at the same horizon in shales of late lower Cani- 
brian age at widely separated points on (C onception and Trinity Bays: 
At each deposit, the manganese zone was found to occur below the 
Paradoxides zone. At Manuele in the shales directly below the man- 

‘ganese nodular beds, heads of Protolemus harveyi (oral conmunica- 

tion by G. van Ingen) were founilso that in all probability the man- 
ganese beds may be inclided in the Protolenite gone of Matthews 
(16: 101-153), 

By referring to the columnar sections (Figs. 2, 36, 42, and 44) it 
is readily seen that the sediments consist largely of shales and lime- 
stones andl that there is a very decided increase in the total thickness 
of the beds from Manuels where there are 215 feet between the 
hottom of the Paradoxides zone and the top of the pre-Cambrian to 
Smith Point, Trinity Bay, where aver 1,000 feet intervene between 
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the Paradoxides zone and the pre-Cambrian, From the bottom of 
the Paradoxides.zone at Smith Point to the top of the Smith Point 
limestone according to a calculation based upon a careful stadia 
transit survey of the shore line (Fig. 43) there is a thickness of $46 
feet. The total thickness in the number of limestone beds varies from 
a few feet at Manuels to 100-+ feet at Smith Point: The thickness 
of the shales at Manuels below the Paradoxides zone is about 200 
feet while the thickness of the shales at Smith Point within the corre- 
sponding limits is over 400 feet, on the assumption that the Smith 
Point limestone of Trinity Bay corresponds to that limestone of the 
Manuels section which is just above the hasal conglomerate. 

The increase in total thickness of the number of beds from the 
¢ast shore of Conception Bay to the west shore within the corre- 
sponiling limits would indicate 4 deeper portion of the Cambrian sea 
when the sediments were being deposited, The fact that sediments 
found below the Srmth Point limestone on Trinity Bay are:not repre- 
sented at Manuels would indicate that sedimentation had been going 
on for a longer time in the western portion of the hasin than in the 
eastern., Whether there actually was a greater amount of sedimenta- 
tion in: that portion of the basin remaine= to be investigated, 

As very little information is at hand with regard te the area of 
the Cambrian rocks, it is quite out of the question for the writer to 
attempt to outline the area once occupted by the Cambrian Sea in 
southeastern Newfoundland. Moredvyer, it is likewise impossible for 
the writer to outline the original manganese area as it looked in early: 
Caibrian times. Lf manganese occurs on the eastern shore of Pli- 
eentia Bay, as all descriptions of that occurrence seem to inticate, it 
would ‘seem that the original area of the manganese was: approxi- 
mately 200 or 300 square miles, assuming a more or less oblong shape 
for the deposit. 

Although the basal conglomerate at Manuels is evidence of a defi- 
nite shore line for the Cambrian sea at that part of the basin, there 
is also evidence at the other localities examuned, where, however, the 
basal conglomerate is not. found in any stich large development. 
There are littoral pre-Cambrian contacts at T opsail, Chapel Cove, 
aml Brigus; all with typical shore deposits. 
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IV. DETAILED DESCRIPTIONS OF LOCALITIES 


MaNveLs.—Manganese is found as thin jasper-like bands of 
green and brown color, as nodular beds, amd as argillaceous and cal- 
careous beds interbedded with green and red shales of late lower 
Cambrian age. This mode of occurrence is very well shown in 
Munuels brook close by the village of Manuels. The georraphic, 
geologic, and stratigraphic relations are shown in Figs. 3, The 
Cambrian at Manuels consists in the main of shales with thin bedded 
sandstones with conglomerate and thin limestones at its base and the 
sediments show practically no metamorphism throughout the series, 
The strike of the beds is N 82 E (true meridian) and the dip is 10 
N. One of the best unconfermable contacts in the minganesé arca 
is that in Manuels brook at Manuels where the basal Cambrian con- 
glomerate Hes upon the Huronian. For a more intimate acqtuaint- 
ance with the manganese occurrence a somewhat detailed description 
of the stratigraphy, lithology, mineralogy and petrography of the 
manganese beds and their associated strata will be necessary and 
therefore the individual beds of the section (Fig, 2) will be de- 
setibed in stratigraphical order, 

210 At, Basal Conglomerate. The base of the Cambrian at 
Manuels is made up of coarse conglomerate, eighteen feet in thick- 
ness, consisting in the main of boulders and pebbles of igneous char- 
acter, These boulders at the bottom of the bed, where the base of 
the Cambrian lies unconformalily upon the Huronian, measure in 
some instances twelve feet in diameter, but they diminish in size 
toward the top to an inch or less. The matrix, of an arenaceous 
nature toward the bottom, grades into a more caleareoirs one at the 
top where the overlying atratur is a limestone. 

219 D1, limestone. This bed is a blnish fine-grained to pebhly 
argilaceous limestone of about 3 feet in thickness; The pebbles 
averaging a fraction of at inch in diameter are angular to stibangular 
in shape and appear to be of igneous rocks.. Pteropod shells chiefly 
of the genus Coleoloides abound, Microscopic examination proves 
this rock to be a semi-crrystalline, fine to locally coarte grained lime- 
stone. The texture is very suggestive of organic forme, being: an 
aggregate of elliptical bodies, possiily algal concretions. [or “ copro- 
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lite ooze” similar to that described by Philippi from off the Congo 
mouths—t, van Ingen], These bodtes contain aggregations of car- 
bonate material, prohably calcite, which have no definite orientation, 
The section abounds with pteropod shell fragments, partially re- 
placed with calcite, Calcite and carbonate material comprise the 
greater portion of the section but quartz occurs as infrequent local 
segregations and as irregular grains. Pyrite and hematite, as well as 
a few pink and brown stained areas which are possibly secondary 
products of manganese and iron. are sparingly present. No analysis 
was made of this rock but with the sodium carbonate and potassium 
nitrate bead test 4 manganese reaction was obtained. This bed is a 
bluish argillaceous manganiferous limestone. 

219 B 3, overlying the limestone, is a brownish weathering olive 
green shale, 

219 B 41s a bed of red shale, the upper surface of which seems to 
be limey. The upper 2 inches of this bed has a wavy structure and is 
somewhat greenish in color. Microscopically the bed is found to be 
a hematitic shale with occasional’ grains of quartz and thin rect- 
angular laths of feldspar. Magnetite and pyrite are found as irregu- 
lar grains in sparing amounts, 

219 Bs. With a sharp contact, the red shale is overlain bya 1.5 
foot thick bed of nodular and pebbly reddish blue limestone. Be- 
cause of marked lithological differences this bed has been divided 
into four ¢maller subdivisions which are lettered a, b, c, and ad 
Subdivision a consists of about 2 inches of green shale which is 
slightly calcareous. Subdivision b is a compact pinkish limestone 
containing pinkish or reddish mineral disteminations and occasional 
fragments of hyolithid and brachiopod shells. Microscopically this 
limestone is somewhat granular and crystalline, with calcite as the 
dominant anisotropic mineral. Quartz occurs occasionally. Hema- 
tile as an inipalpiable dust or pigment is aluindant, bordering hyo- 
lithid fragments or as. irregular accumulations, A fragment i 
probabiy organic substance with a cellular structure is a conspicuous 
feature of the slide. Sponge spicules replaced by calcite are 
noticeable. 

Subdivision ¢ differs not very much from the twa members de- 
scribed but is nodular or pebbly and much more fossiliferous. Micro- 
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scopically this rock is a very fine grammed aemi-crvstalline limestone. 
Calcite, frequently twinned, is the dominant mineral with quartz and 
chlorite in secondary importance. Darite occurs as occasional small 
andl large irregular grains. Hematite is found borileting calcite 
grains and fossil fragments or replacing them, antl as irregular accu- 
mulations. l*yrite is found occasionally, Certain nodular or pebbly 
forms, isotropic under crossed nicols, are, because of ther hneness 
of grain, of an indeterminable nature. 

A very noticeable feature of this section is the diversity of J yo- 
lithes torms, some elliptical and concentric and others circular, either 


entirely or partially replaced by calcite or hematite. The circular 


forms measure .287 mnt. in diameter (Fig. 4, Slide 250) 








Gary ee ae j ® is ss % 
VG, Aicrophotograph of lomestone, 276 Hac: she 250; cnlarged 22 


diam, 8, hyolithes with calote and chlorite; b, calcite; ¢ quartz: 


219 Bsd. The upper subdivision of this bed is of interest mainly 


on account Of the tameral association: in the laree nodules on i 


LS 


surface, Differential erosional effects between the limestone anid 


nodule have resulted in a greater conspicuousness of the more resis- 
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rant nxiule. The nodules, measuring as much as 6 inelies im diame 


éter, consist largely of arpillaceous material, jaspery concentric 


hands, blades of barite. pyrite and some dissented minganiferous 
and ferruginous carbonate minerals which are surrounded by dark 
areas. These latter are probably manganese oxide zones dite to the 
alteration of A mangamiterous carbonate 


7 a 5 . | r t a] 
Linder mapnification these nodular portions are roughly con- 


centric and laminated in structure, with Jammatons tel and green 


in color, and of fine and coarse gram, An oolitic structure, but with 


the spherules poorly tornmed, 1 found in comimnation wih the 
bated structure. Calcite occurs as somewhat elongated crystals 
and is the dominant mineral, Wherever the calcite presents the 
peculiar elliptical and circular shapes mentioned on page 


fom, 
Organic origin is immediately suggested (Fig. 5 and 6, Sh 





Fic. & Microphotograpl of limestone. 919 Bed: slide ae4* enlarged 22 


diam, a, ¢lhptical calcite aggregations: b. chlorite: © hyolithes 


(Quartz is found as irregular grains ani! arpregations. Eurite occurs 


gE i 1] H | k . i a iJ 1 
only sparingty, Among the opaque minerals, pyrite sometimes alter- 


wid CONCEPTION AND TRINITY BAYS, NEWFOUNDLAND, $83 


ing to limonite, is most conspicuous and occurs as large irregular 


grains and areas surrounding: fossil fragments and associated with 





Pic. && Microphotograpl of Hmestone, ar Bed: slide 254) enlarged 22 


diam. a, calcite; b, quartz: ¢, phosphatic? nodules: 


more calcareous portions: Hematite (Fig, 7, Slide 257) 1s found 
in the more jaspery or laminated areas as irregular grains, agerega- 
Hons, and spherules associated particularly with the green area which 
tor the most part is of an indetermimable character. Veins of cal: 
cite are foun! cutting the nodule. As in the layer above, there are 
found in this one | Fig. 8, Shide ei ee certain Setn-Leatropyc noniilar 
areas. or pebbles which ‘are partially eliloritized. [it 4s very pos- 
sible that these nodular or pebbly areas are similar to the phosphatic 
noliles of 210 A £3 to be described later. These alter te carbonate 
locally, Among-the organic remains are fragments of shells, hyo- 
thes, trilobites, and sponge spicules, which in part show carbonate 
and chioritie replacement ( Fig. 5, Shde 254, and Fig. 7, Slide 257). 

219 AT. Disconiormably upon the above described nodular lime- 
stone there rests about 74 fect of a hard, fissile, green shale. About 
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Fic. 7. Alicrophotograph of aponge espicuice, 219 Hoo: slide 237° ee 
? j } a7 
large! 2 diam @& Spore epicnle; b, lematite: ¢, calcite 





Fic &. Microphoatogranli Of Titnestane 244 Hed: alitle 254 


efilariredd 22 


me a 


dim: «, Calewe; b, phosphatic? material, 
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5 feet above the limestone there are thin seams full of comiminuted 
fragments of small Lingulella, and Hyolithes shells. The upper part 
of this shale is conspicuous because of the conchojdal fracture with 
which tt breaks and the presence of Jocal aggregations of small sub- 
spherical black nodules-some of which show pinkish centers of some 
fine-grained mineralé suchas rhodochrosite or manganiferous cal- 
cite, MnO, occurs as small dots or as dendritic areas on the frace 
ture planes. Microseopically, this is a chloritic micaceous shale con- 
taitting sparingly, amang the visible minerals, irregular prains of 
plagioclase, quart; pyrite. magnetite and limonite in descending 
order of abundance, | 

219 A2 is a nodular shale hed of .5 of a foot in thickness and 
forming the sloping surface over which the stream runs. This bed 
1s noteworthy because of the Cryptozean colonies showing on the; 
surface (see Fig. 10). . 

319 A 22, the lower portion of this bed. is:a green shale contain-. 
ing frequent small subspherical nodules and disséntinations of a pink 
carbonate which effervesces freely and is in all probability a man- 
ganiferous calcite similar to the pink nodules analyzed (see page 395 |. 

219 A 2b is the Cryptozvon shale bed and contains roughly con- 
centric or zonal strictures measuring 124 inches in diameter, irreg- 
tar and sul-spherical nodules measuring 1 inch in diameter, and 
intercalated lenses of manganiferous calcite These nodular and 
Cryptozoon structures weather brown. Scattered through the bed, 
particularly the shaly portions, are blades of barite. 

Microscopic examination of this Cryptozoon hed brings out noth- 
ing which can be said to be of an orgatic structure. “What struc- 
tire there is may be characterized as broken veinous, concentric and 
laminated, The texture in preat part is crystalline. The greater 
portion of one of the nodules consists of calcite and carbonate, Par- 
Ite occurring as Tong blades is determined principally by the two 
cleavages, ¢ and m, its birefringence greater than quartz and its 
biaxial +- character, Chlorite either alone ar in: combination with 
carbonate 1s found replacing harite, Calcite of carbonate occur as 
irregular masses or as rudely formed or incipient spherules, Hema- 
tite occurs in the banded portions as more or less massive banils 
interlaminated with chlorite or as rudely formed epherules in the 


as 





Fig. @ Details of lower portion of manganese sone in Manuel brook. 
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Fic. tt; Aierophotograph of ‘section of Chyptormon, nodule, 299 AZ: 
dlide 292; enlarged 22 diam. -a, ferrugmous hand: bi calcite. 





rh. 12: Alicrophotograph of Crvptecon rodiples fron 2 
barite bemg replaced by chiorite: slide ago: 


Hy AZ shownig 


z; enlarged 22 diam a, barite: b, 
chlorite; ¢, fermuginen and calcarcous shale 
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ground mass. These spherules measure as small as o microns in 
iiamneter but have an average diameter of between 30 and 40 mi- 
crons (Fig; tt and 2, Slide 292), 


Fini. Middle portion of matgatiese sone in Marueclé tirook$ The mom- 
bers are those of the section, 
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The paragenesis of mimerals within the nodules is as Tollows: 
Caleareous or carbonate material with probably synchronously 
formed Hematite, batite veining, chloritization replacement, and 
firia lly caicnhe 25 Vein or replacement material, 

219 A3 is a green shale bed, 3 feet in thickness, lying conform- 
ably above the Cryptozon nodular bed. For the most part this bed 


consists of a hard fissile green shale which breaks - with a cOnspicnos 





Fin ra. Photograph oF TAO PR Cae carhonnte nolules ertracter i reir 
shale 21g A4, natural size, Top, side anid sectional views 


conchoidal fracture, 3 inches above the ( ryptozoon bed isa layer 
containing tragments of trilobites which according to Prof. G. van 


Ingen are probably to be identified as Profolenus harveyi. Barren 
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green shale overlies this fossiliferous layer and this in tum is fol- 
lowed by nodular greeti shale containing mianganiferows calcite 
nodules, a description of which is given in connection with the 
following ber, 





Fic 1s. Fhotograph. natural ae of ground and polished boriontal sec- 
tion of shale containing manganese carbonate nodules from tg A4. 


219 A4 is-a-conspicuons rhedochrosite and manganiferous cal- 
cite nodular bed and may be considered the base of the manganese 
zone at Manuels (Fig. 43). Structurally this isa nodular and obtitic 
bed, the former structure conspicuously observable macroscopically, 
and the latter, though not so well defined a structure, observable 
microscopically. The entire hed measures 5.1 feet in thickness and 
is divisible into two members, a.and b. The lower member, 219 A 4a 
is a predominantly modilar reddish green shale while the upper divi- 
sion or Bb member i¢ not so nodular. 
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The nodules of 219A qm are discoidal im shape and vary in diram- 
eter from 4 inch to 1 Inch, with an average Of about 1 inch anda 
thickness ranging froti ‘4 inch to 44 inch., The longer diameters 
of the nodules le im the plane of the bed. Where the nodules are 
very numerous or crowded they are found Intergrown with or over- 
lapping each other, Specimens ground aml polished often show a 
lennuiscate tormed by two nodules (Pigs: ty and 15). In-color they 
gre for the most part green, but may have greemsh, white, or pink 
central cores. (Cross sections of the nodules reveal a distinct ronal 


urrangement with spherical central cores surrounded by concentric 





Pin, 1 Microphotograph of manganese carbonate tiodule from 2t9 Agat 
slide 288; enlarged 6 diam. a; carbonate af mangas, Tie anil. etawnesia : 
b, barite; 9, bamte replaced by chlorine: dj shale 


shells conforming to the shape of the nodule. The grain oi the 


nodules is usually exceedingly: fine, impalpable or crystalline, The 
pinkish cores are wevally crystalline and respond i the HC) test 
quite readily, indicating same carbonate mineral, By -analvsis the 
green nicidules are found to consist essentially of rhoduchrosite (<ee 


Anal. &, pare 305). while the pinkish crystalline mineral pecupying 
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the centers of the nodules or occurring as intercalated Jenses or 
nodtiles in the nodular bed is found to be essentially a maganiferous 
calcite (see Analysis C, page 395) 








Pio. a7. Microphotograpl of ‘coalescing neelules from 2ig Age: slide 
244; enlarged 4 diam. a, carbonate of manganese, ctc:: b; oolitic sale. 


Further macroscopical examination of the nodules shows the 
presence of barite blades within the central portions of the nodules or 
disseminated throughout the nodyle or its shaly matrix. The char- 
acteristics which determined the harite are its ¢ and m cleavage, its 
hartiness of 2 and tte diaphanecity. Its optical properties. confirm jt 
microscopically, Pyrite is found sometimes completely surrounding 
central cores a# irregular and continuous grains. The surfaces of 
the nodules usually aré covered with minute pink or reddish dis- 
seminated grains which upon microscopic examination are foun to 
be hematitic spherules, 

Thin sections. of these modules, on the whole, are not satisfactory 
for microscopical work because of the almost impalpable fineness of 
the grain. Towever sone of the larger features may he of interest 
atl importance, The structure te nodular and concentric and some 
of the concentric shells are oolitic. In all the thin sections of 
nodules the most conspicuous feature is the xonal arroigement of 
crystalline and indeterminable portions. The crystalline parts 
usually occupy the centers of the nodules while the impalpable or 
iIndeterminable areas are arranged around the centers (see Fig. 16, 
Slide 288). However some of the cores consist of indetenminable 
material, ‘The zones are sometimes marked off from cach other by 
more or less sharp contracts as brought out by’a difference in shade 
of color or by an apparent difference in grain (Figs. 17, and 18). 
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The exterior zones merge imperceptibly into the shale, a fact which 


has sme genetic significance. 





Fic 98, Microphotograph of two munganese carbonate nodules from 3i9 
Age: slide 247: cnlurged & diam. 


An incipient oolitic structure with spherules of hematite is com- 
mon to the outer zones.of the nodile and shaly mainx., The spher- 
vles clo not as a rile show any well-developed zonal structure nor are 
they of very regular form. They vary in diameter from 6 microns 
to 77 microns. and have an average diameter of about 24 tmerons. 
Not infrequently the spherules consist of both carbonate and hema- 
tite, the formier preserving a radiating structure and abounding in 
the more calcareous portions of the specimen, while the hemiatitic 
spherules are more common in the shaly perts, 

Among the determinable minerals are calcite, which occurs. as 
anhedral grams of variable dimensions in small crystalline areas, in 
veins, or as replacement material after organic remains such as sponge 
spicules, etc. Carbonate material for the most part specifically inde- 
terminable makes up the greater part of the slide, Barite is found 
oceupying the more central portions of the nodule in. some sections. 
Quartz as irregular grains occurs only in sparing ainounts. Pyrite 
is present-as large and small irregular grains and masses, 
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The analyses of the green and pink nodules are as follows ; 


Anacysis F. Avatra AL 

Green Nodules. Hecaleulifion, 
GiOlg Gulecessvdaevdewsseddccan SOU MaODy ..pscenersscersanceoan 39.50 
Fe,O, : . 735 MnO 7.30 
ALO, Tree Te eed ek 468 CaCO, | 186 
MeO ..- - 976) MgCQ, : 4.79 
Cad - \ - 10.46 Sil, .. . 54 
MgO haeahe . 8 BaSO, Gay 
Bas, =4 omen pewesenens O49 HO Te TT ee c.51 
H,0 Soe ee ee eee ee ee ee | 285 FeO, Tee ee eee ee ee ee aay 
COL oi ye ee abe ease BEM 2H ALO saith eveeeanee- as at 
go.ge o.52 

Asaryars CL ASALYSI6°C 1 

Pink Nodules Recalculahon, 
Sit}, St he a Shy CaCO, Ter eee teri oe Le Shas 
Fe, .... aivein tematic ee a aha rap. MnCOy ...---.20+.----...... 399 
ALO, [eT e eee ee ee SRLS SaaS = 2 mae | Mund Edi mR Ge ei wwe es ee 2.354 
ty nop ret eer 2a49 SiO, 378 
ard as i a ee ee 32.902 FeO, SS 1.40 
Mat): -35 <<< gexwereevee, 4) FPLC). cepareseer senso eeverss 20 
HO a - £6 2H,0: ALO,- 2Si0, sprees Or 
CoO, == a 3057 Tito2 

Lobo 


The pinkish crystalline mineral which exhibits a rhomboledral 
cleavage, has a hardness of about 3, effervesces freely with HC acid, 
and, with the above composition, is essentially a manganiferous. cal- 
cite. The excess MnO probably exists as a peroxide of manganese 
as indicated by the considerable amount of chlorine which was given 
off while the sample was being digested with HCl acid. As no thin 
sections were made of this specimen no petrographic confirmations 
can be made, 

The upper subdivision of arg A 4 (219 A4b) is a-greenish and 
reddish nodular shale bed measuring 2.9 feet in thickness and divis 
able into three roughly distinct portions, The lower part, 219 Agb1 
is a greenish red shale overlaid by 2 reilthsh shale with occasional 
small nodules measiring about '4 inch in diameter ( Fig, 13, and 19). 
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Pie, 1p. Middle and upper portions of manganese one in. Manurts beck 
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Under the microscope a thin section of this bed reveals hematite in 
the form of a pigment and as grains and ill-formed spherules, 
while local areas of carbonate are found, The upper member of 
this hed, 219 A4b3 is a red shale containing small subspherical and 
iiscoidal nodules quite Similar to those deseribed in detail above. 
219 A5 is a nodular ferruvinowus shale which is cilcarecue and 
nianganiferais, The shaly structure and the manganese are brought 
oul ia conspicuous: way through weathering; the manganese by the 
black discoloration in evidence as one Of the derived oxides.. This 
bed has a thickness of .2 of a foot bot thins and thickens. presenting 
a lenticular appearance. The nodules, or possitily pebbles, are sul 
spherical in form, dark green in color, and of impalpable fineness of 


gram, They resemble those already described in comnection with the 





Pic. 21. Photograph of polished Veritcol section of 
carbonate-~ox tile ore from fig Az, TAU 


c, barrie, 


handed manganese 
al size. a. green band: bred band 


‘41 CONCEPTION AND TRINITY BAYS, NEW FOUNDLAND. 809 


210 B-5 limestone and thove about to he described in bes 219 A 1 
aml 219 4 13, and are probably phosphatic pebliles in compostion, 
The minerals tn evidence in thie Wel are hematite, calcite. and barite 


Thit bed is undovbted!y. 4 manganiferous bed as shown hy the iox- 





rik, 22 Photograph of vertical polished section of banited anaes 
tarhimniate-oxide ore from 219 Az, naturel sine a, red hands bh hrown band 


dized weathering products. The bed asa whole resembles 219 A 11 
which to all appearances is: sugpestive of minerilized reworked 
triaber sy, 

219 A 6 ts somewhat fine-grained and gritty red shale, measuring 
4 to O.5 of a toot m thickness, 

219 A7 is the main manganese-bearing bed, measuring > of a 
font in thickness. “This bed is.of more than usual interest in that the 
IMANPAes! OcurSs as primary carbonates and oxides in the form of 
thin jaisperlike leurs of a a a atid light chocolate brown color, 
and as lenticles, and nodules, Interlaminared with the jasperv bats 
are reddish bans with manganese essentially in the form of an oxide 
and a carbonate (Fig. 20, 21, and 22), This bed has been divided 
into three layers, a, band ¢. “The lowermost or a subwivision is the 
reddish band whieh is essentiaily a mangatiferous shale, It js podu- 
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lar with nodules, lentiches, and bards of the green jaspery carbon- 
ate and oxide of manganese. Wherever the jaspery minerals: occur 
"wi the real laurel. Whether is reed ales, heriticles. Cunlimigis or mon 
COMmLiMuUOUusA bands, thes Present oT Hipsesi Snicre ty iit character: 


tics. The -red bands are locally pyritiferous and barytic, Med 


shale wecupiecs the greater portion of the lied 


it. = 4 F * =a Po] i r if Let li 
White MoCo pTe PRATT OE TMs ret bard lit es CT ver little : 


ad 


other than that tt is distuictly bematine with the hematite occaming 


' | : a ri i : _ 
14 a jement or as mregular accumulations | big. 23, side 270 





Fi. 23 Microphotograpl of bande) tunganese ore with harie. from 


sig At: alide 276: enlarged @.5 diam, a. red band: b, green lard» ¢ bart 


The chemical analysis of this hand js as follows: 
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Of most interest in connection with this red shaly band are the 
faspery bands of green and brown carbonate and oxide of matiga- 
nese. Where in bands, they vary from 44 inch to 1 inch + in thick- 
ness and may be continuous. The contact with the red band may 
be very even or very undulatory, This wavy character may be 
present whether the band thickens or thins or is of the same thick- 
ness throughout. The brown and green jaspery bands may contain 
thin lamin: or ttodules of other colors. 

The green material is characterized by ite cHaleedonie and some 
what waxy luster, its translucency on thin edges, its hardhess of 5 to 
6, its specific gravity of about 3.13 (that of the green nodule) and 
tts slight response to Hh, 

The chemical analysis of this material is as follows: 


AxALY a6 of) ANALYS!I3 A f 

cercem Aine Recaleulition. 
SHO) a sSnarag eee Bde ey eet eny ss Ftq  MnCOy nce ieeneeeeneeaeee Add 
FeO, i i ne ee | 30 MaQ, Se Rok 
FeO) vesesnecnsnacdetebvecerae SOE Cay iidlivriclechis.. BE 
Fg, | ncumangralarnencaccce rill MeCO, .:--.. a are ee | 
a eee ee eee SeS | PRG) eawesewcevesciisteceseecs ORES 
EO oe ere wadeanye anes SEF HAD. cceceesrercaeecesnensaces iD 
Ma ccc eaweveccescwstzeci 2300 «2H,0-ALO) 2510.4: FeQ _... zg 
BE) ausapavecssecsardescnniaa OS 025 
CO, ee ee ee ee 23,06 ; 

TOG. Oy 


The green band so very similar chemically to the green nodule 
already deserihed in connection with the nodular bed fower down in 
the series, is in great part a rhodochrosite in composition but has 
in combination, in descending order of abunilance, cotisiderable 
aniounts of calcareous, argillaceous and lerruginous material Man- 
finese not combined with CO, probably exists as some oxide, prob- 
ably a peroxide, as‘cotisiderable chlorine was given off by the sample 
when first treated with concentrated HCH Other features hardly 
need any explanation. 

Thin sections of this band are very unsatisfactory in that, be- 
cause Of the impalpable fineness of the grain, little can be seen out- 
side of structural features and certain opaque minerals, chiefly 
hematite. 
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The brown band differs in chemical composition, in color, and in 
specific gravity. The caloris « light or dark chocolate brown. The 
specific gravity is 3.32. The chemical composition differs mainly 
in the higher percentage o! mnmnganese, os shown in the following 
analysts : 

Anaya 2, Axatraia 2 


Beoccw Hitt Reraleulatiow 


SiO, oer eer tee rere Lie ee Tmo Mints te Po oe rat TE, 
Pe avaivacasicccam ox Et MaCO, . tienen encsgie 


Fell} TETELELSC OLE ceeeaeee ay CaCO, . ee) fe it ae a iat 
BAC scpypemeawepeercessesss O06 ‘Mat ..wce: -wevemuticm Lt 
MnO .::... tectdesdetnebiedie BES |B OV ALO 5310, locweacgek fae 


af) jer treet eh SE eS Pe ee aa Si, es em m Ptah be See we = 4 
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Members band ¢ of bed 219 A 7 differ from the enbilivision just 
described in the greater abundance of jaspery bands in comparison 
with the red shaly hand ond they chow greater continuity on the 
whole. | 

Member d consists of green and brown jaspery bands all more or 
less nodular‘and interlaminated with the red manganiterous slidle 
Barite as segregations, disseminated blades; and veins occur infre 
quently, In the weathered portions of the section this bed is found 
altermp on its more exposed structural planes to the seconilary 
oxides of manganese such as psilumelane, ete. 

219 A8 is a purplish manganiferour norilar shale Measuring @.% 
of a foot in thickness, It contains lenticles and diseotdal nodules 
of the green jaspery manganese carbonate (Fig. 24, Slide @84), 
The noticeable microscopic feattres of a thin section of this tock ate 
its nodular, oolitic and sholy structures; ‘The spherales; though: 
rudely formed, are of either hematite or a carbonate, the forrer 


more closely associated with the green jaspery structures, and the 
latter with the red stale. 


219 AQ ie 5 manganiferous bed structurally, mineralogieally, and, 
presumably, chemically, analogous jo 21g A 7, ane measuring .5 of & 
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foot in thickness, Green discoidal nodules of manganese carbonate 
and the green, brown and réd mangzaniterous bands similar to those 
of 219 A 4 are a conspicuous feature of the bed: A thin section 
from one of the nodnles of this bed collected during the summer of 
[jl2 shows, aside from the nodular form, comspiciciis gona) and 





Pigozy Microphotegraph of red-shale from 2io Ad: slide 2hy: enlarged 
38 iliam. a, hematite aggregation; h, «pherules of hematie. 


onlitic structures: Forcthe most part the gram is impalpable, hut 
that of the core ig more or less crystalline. There are five pro- 
Hone parts coatisisting of a crystalline mnermost core, No. t, 
which ina great part ts composed of carbonate. presumably that of 
calerum aml manganese though nothing of a definite confirmatory 
nattre could! be observed, anil 4 successive enveloping shells differ- 
entiated from cach other by either the presence or absence of hema- 
tite, the sliade or imtensity of color or by fineness of grain. The 
eolitic character of zones 3 and 3 with sphernles consisting in great 
part of hematite and measuring as small.as 02 microns aud as. large 
a5 gO ls very noticeable. Layers 2 and gin a great degree consist of 
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indeterminate materia] (Fig. 25, Slide 244). Anisotropic minerals 


in this section are not common bit those most noticeable are calcite. 





Fie 25. Aicropliotograph ot recrclia lin, {ror =i AF alsile bas} etilargel 
0 im, 2, OULEr zone OT manganise carbonate: bh core of erystalline rut- 
Raftese carhoite 


borite, and chlonte, the Jatter being usmilly associated with the 
barite. 

219 Ato consists of 3.5 feet of alternate layers of purple and 
green shale which contain thin nodules and lenticles af jaspery: aan 
ganese carbonate, some of which measure 1.3 feet in length and 0.1 
feet in thickness, The lowermost subdivision of this bed, 210A 10a, 
is a dark reddish-green heavy nodular and odlitic shale with nodules 
very similar to those deseribed above. Disseiminated minute redilish 
nuineral particles suggesting hematite apherules are forms rutin 
the noiduleés in some cases, Barite occurs occasionally. Subdivision 
b of this bed is composed of o.2-of a foor of green and red lenticular 
Manganiterous seams with greeny jaspery nodules, similar to those in 
the lower beds, interlaminated with « henmatic odlitic-shale, Subveli- 
vision ¢, measuring 0.5 of afoot in thickness, isa dark gray oflitic and 
slightly nodular shale with preen attiery sear, j 


7 : jarite hindes occur 
with nodular accumulations of Nahganiferois 


+ ; calcite, Microscapie- 
ally this layer is essentially a hematitic oolitic shale with the iwi: 
vidnal sphernles measuring from 15 10-23 microns in dismeter while 
larger aggregations of spherules measure from o.2c | 


THT. tO 0.387 
nun, in diameter. 


Phe epterules consisting of hematite arid car- 
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bonate are found in a groundmass the character and composition of 
which t for the most part indeterminible. Occasional pyrite grains 
are found (Fig. 26, Slide 28). 

219 A rod, the upper subdivision, consists of 0.3. 0f a foot of 
nodular and ooline dark gray shale with thin jaspery manganese 
carbonate lanunations. 

Subdivision @ is a dark green nodular and oolitie shale, 0.8 of a 
root mothickness and not very different trom the liver a just de- 





Fic'2h. Microplotograpl of odlitie manganiferuns shale from 219 Alec; 
slide 280: enlarged az diam. aj hematite sphergies; 6; shale with dissemi- 
nated hematite 


scribed, nod f—i1s a course nodular seam, 0.8 of a foot in thickness, 
ina dark green shale, comprising the uppermost portion of this bed, 

219 Art is a heavy tough reddish band, 9.5 of a foot in thick- 
ness anil lithelogieally very different from the immediately over- 
lying and underlying beds. For the most part, the structure is both 
somewhat nodular and oflitic. The general fragmentary nature. of 


the fossils and af certam nodular or pebbly forms leads ome to think 
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that this laver coteists im some degree of reworked material. The 
suriace of this hed showe ripple marks. The Predominant constitu 
ents which a@ macroscopic exanmnation afforde are exlcite, barite. 
argiliaceows material, limonite, manganese oxide, and pyrite. (Ohut- 


aicle cay the nex lolir, colitie And tragmcntatry character Thi the Inver, 
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Fic. 27. Microplictograph of manganiferous ted whale from 190, (Att; 


hide 2775 enlarged 22-diam. a. calcite vein: h, hematite splicrule 


very little additional information canceming this peculiar rock conld 


be gained microscopically (Pig. 27, Slide =77). The spherules are 


of two Kinds, hematite and carbonate, and they average abort 48 


microns in diatneéeter Non-ferruginous portions of the slide show a 
sroundmass of stich fine-grained green material that very Tittle could 


he tmncde of tt. Fiyalithes; Sponge spictiles, cir) ele frapitents 


partially or entirely replaced lw calcite are a poticeable feature. 
Barite as scattered blades partially replaced by chlorite and pyrite, 
hematite as the chief Constitiient of the spliernles. ani! carbonate are 
the most abundant of the determinable 


conehituents of the slide 
(Fig, 28, Slide 278). 
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The chemical analysis of this rock is as follows: 


As Acvsis ARahvaia FY 

Pia ie vl Fi Mi i ihc Corradi, 
MOEN bcc ivvabbesacaeees RA | BORD Ca eer ee oe 
Fest)! siceersin: vemeaeee Gay Aint, | es 
ALO, ccenvesscepeseree. 48 Gab ee is ot 
Ot ee ee niet lord 
Ta ie eae essere Fe A a eee = fd 
MeO) ss. fea ean SOO] Pie se cacues wees eee 
a re peeecebasbecens SR SG fs TT , Ot 
AAD enw aa whné eu ~~ 2506CU RA). ADD, - 2700 wewee FOO 
CO), ie eck wee wae ram ee ew ef ee pony 


ones 


This™bed 1 essentially a manganiterous argillaceous dolomite 
with considerable percentages at barite, hematite, and phosphate, It 
would seem quite rteagaishle to suppose that the pliesplate 
Ca,( PO,), exists in the nodular portionias we have found to be the 


ia thie ricndltiles ah 21) 1 i tei lic iHeacribeyl lofer. 





Fin 28 Microphotegraph of eel mangoiiferoue sald from 216 Att; 
slide 278; enlarged 22 dian: ehowing henratite aphertiles in a eroutidimass of 
Miinivine se carbornte, 
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219 A1t2 is a fissile green shale measuring 1.4 feet in thickness 
with conspicuous black modules which om weathermp become white. 
Because of the similarity in form and color with those of 219 B 5, 
A 5,4 01, anid those to be described from the bad immediately above 
this-one, the suggestion is macde-here that these nodules also may he 
phosphatic. 

219. A173 isa plisphate nodular manganiferous calcareons shale 
bed, © foot thick, with the nodnies common in beth botton: anc. top 


portiois of the bed (Mig. 2g). The nodiles because of their white 





Fin. ay 


Photograph of a polished vertical section of a Poiospliate nodiu- 
far shale seam, 219 Arg: natural size a phosphatic ondule: b, shale with 
trilobite fragments 


weathering and subspherical to clongated forni resemble those of 210 


AI2 A fA = aml H s. In chemical composition the novwlules cot 


this bed resemble those from the Cambrian of southern New Bruns- 
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wick described by W. D. Matthew (15). ‘The chemical analyses of 
the Manuels brook and the New Brimswick phosphate nodules are 
a= follows: 
Axatyste ff, 
Afunuely Brook, N. FP. Hanford Brook, No B. 


SiO), Ce 250 S70, Ce 4.74 
ALO, 10 ee 2 be Se Bd ee ee ee eo rh ird ALO, ee 135 


FeO, --.-:---ccceecegeceee=s WONG Pedy ose geay eeeess-------0222 EE 
Call ercgatoccat sews siltee wecee DESO Ca esse ies seen eee wsaeeewel BRIE 
MU) eceaaai impasse nenessadee eT: WR missessescceinenceceresns) op 
eee omen TTR  ceneranrserer tierce S39 
28 ee, ee Be, ee a el 
co, Tee ee Cee Pe ee nt ee ee 223 P.O, ee eee ee ee ee ee oe 14.09 
02.90 Bul aleri Gweaeriesshadabuea 17 

co, jt oh ee ee] cayeceesameny dhe 
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The similarity between the percentages of SiO,, Fe,O,, CaO and 
PO, of the-two analyses is at-once very noticeable and at the same 
time very suggestive. It is hoped that at some future time, work of 
a correlative nature may be taken up in connection with these inter 
esting and genetically problematical nodules. Among the macro- 
scopically observable minerals in the fresh and altered rock are 
pyrite, hematite, limonite, wad or psilomelane, and vivianite in an 
atgillaceous dolomitic groundmass, A yolithes fragments are in 
abundance. 

As no apparent manganese was observable in the considerable 
thickness of overlying green shales, 21g A 13 was eomsidered to be 
the top of the manganese sone at Manucis Brook: According to 
Prof, van Ingen the Paradorides fauna begins in these shales which 
immediately overlie the manganese zone. 


Torsan.—The manganese at Topsail some 4 miles cast of 
Mantels (see Figs. 1 and 30) occurs interbedded in steep northerly 
chipping (50° to 78°) lower Cambrian strata consisting of shales, 
limestones anil sandstones, The manganese is found in several beds 
of which only one measuring 14 feet in thickness seems to be of 
sufficient importance to have warranted prospecting, as shown by 
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some open cutting. This is a carbonate-oxide ore of manganese of 
brown color-and. vitreous. Inster. 

Not only does the character and structure of the matiganese at 
Topesall differ fram that of Mantels hut -the section shows some 





Fin ga Photograph of the open ct wil) the numganese prospect tommel 
at Topsail; Loc. a1p E 


lithological variations. Moreover the rocks of the section are very 
much disturbed with the rapic changes in the dip of the heds. ‘The 
stroctiral changes in these beds are no doubt due to the great fault, 
the plane of which passes alt 300 feet ewst from the manganese 
zone with a strike of N13 E. and a vertical dip. The fault plane 
lies between the Huronian and the lower Cambrian, and the beds 
imuiediately adjacent ure considerally disturbed aml so to a lesser 
extent are those farther away. 

That a:better idea nmy be obtnitied a¢ to the relationship of the 
manganese, the following general and local stratigraphic sections with 
descriptions: are given. The generalized section as worked out by 


Prof. van Ingen and Mr, A. O. Hayes during the summer of 1912 is 
as follaws: 
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Lac. Namber. 

no FE ro Brown shales with manganese at hase ...... 66. e Open cut 
g Brown shales with Innestone at hase. 
% Heavy limestone. 


Fi 
+ Shaly Himestané 2.0.2... ..ccccaesissieecuccescetecns GO 
( Brow sandstone with (eee eae ere ore . 34 


3 Fine and coarse sandstone with amall limestone rietiobiee.-. Be 
; Much sheared brown hale with limestone mintules andl 

manganese ab bate .....000cnrsnnceerepecperepeserrers GO 

3 Mouth oF tunnel an rete gone ,....-.--.. cee geae--- +1 ka 


* (ofree eanilstane ee ee ee 6.0 
| Shear fone BRhia dad a PRR ERAS? OS OS Da=anantn see rPreat Se aee 3 vik o5 


Oo Precambciah siccce cee b ceedees bce reeeedbsowaeesseeess 25.0 

It is quite apparent from a study of the above section that the 
lower Canibrian at Topsail is in many respects similar to that of 
Mantels, The absence of a basal conglomerate and the presence of 
sandstone are the most striking features of the associated beds. 
During the summer of 1913 a more detailed study of the manganese 
zone of 210 E 10 of the gendralized section was made and the 
followimg sulidivisions were made: 


Loc Nombey. : ie 
tio E > Green shale, badly hroken. 
6 Banded, concentric amid worlolar whale ...0..0-+--22 scene eeeenee TM 
5 Green ahalo, badly aleared .. 060.22 -2e seb eens caterncsseeyeees a5 


4 Manganese oxide-carbonate ore -..... fiaitk rawren er | 
3 Broken nodular green shale with manganese Pain ..--.er reer ses OY 
2 Calcareous-manpaniferows shale ....0.6..--0 awe Covet epaee | 


t Hard nodular olive green shale, bvilly works bier and dane’: 
with manganese btain, 


Of this seriés two beds, 219 E 4 and 6, are worthy of more de- 
tailed description. 

219 E4 is an oxide-carbonate ore of manganese of 1.4 Tt. m 
thickness, It is irregularly banded and nodular, of chocolate-brown 
color, somewhat vitreous in. appearance and argillaceous, with a 
hardness of 5 to 6 and specific gravity of 3.26, Disseminated 
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through the ore are irregulpr small areas Of a yank carbonate re- 
sernhline rhodechroste in physteal chameterstics, and barite. The 
dre is merusted with psilomelane as on oxidation product, Micra- 
soopic examination brings out a coarsely banded and nodular struc- 
ture with a groundmass of indeterminate material which is for the 


most part homogeneous to all appearances and of brown color. 





Fic. 31, Microphotograph of barite sheal in matganese oxide-carbonate 


ore irom zig Egy lide 2%) enlarged 2 dium a, farite sieat; b, munganese 


i<idde-carhwnate ore, 


The color of this-ore is due to the brow and bhick oxides of 
manganese and iron. Conspicuous among the anisotropic minerals 


are barite which occurs as blades or bundles af blades generally 


replaced by chlorite, and calcite, all very much discolored hy the 


itanganiferous and ferrugmons oxides. Minute veins of discolored 
culcite are present (see Fig, 91, Slide 260) 

The chemical analysis of the ore and its recaloulation ire a5 
follows ; 
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‘Ananyars J, 


Amatyais f 4, 


an. E 4 Recalclation, 
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This ts essentially a hydrous oxtde of manganese with consider- 
able amounts of argillaceous material, rhodechrosite, <ilicinus 
matter, dolomite, barite. and hematite in descending order of 
abundance. 

219 E 6, not a manganese ore bel, though manganiferots, de 
of interest mineralogically and petrographtcally. In structure it is 
eoncretionary and landed, nodular and microscopically oolitic. It 
is essentially a calcareous, ferruginous and manganiferous nodular 
and banded shale (see Fig, 32). Under the microscope the greater 
part of the groundmass, tsotropic under crossed nicola, 1s of inde- 
terminable composition sinmilating phosphatic material. Of the 
anisotropic minerals, calcite is most frequent and occurs with other 
carbonate material in bands which show an odlitic structure. The 
individual spherules, subspherical to elliptical in form show either 
concentric or radiated structure, (he latter showing an interference 
cross with crossed nicols (Fip. 33, Slide 272). Calcite frequently 
has the curved twinning planes indicative of strain. Barite occurs 
in marrew vems or bands;as disseminated bkules, or as sheath-like 
blades or aggregations, usually being replaced to a greater or fess 
extent by chlorite and in a few instances by pyrite (Fig. 34. Slide 
272), The spherules consist of hematitic pigment, carbonate and 
chlorite, Because of the frequent association of chlorite with tarite 
ene is led to suspect that possibly the chlorite spherules were 
originally of barite which has since been replaced by the chlorite, 
Other spherules made-up in great part of hematite, sometimes show- 
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Pim 33 Micropliotegraph of banded and nodular shale from aro E46; 


slide 27; enlargedd 38 diam. a. ceilithe bematite elale: 6, corlienate caleite 
band; ¢ barthe: d, pyrite 


Fr ag. Microphotograph of barite with chlorite replacemedi [rom:2rg 
EO; slide 272: enlarged 22 dim: & barite: b, chlorite replacing barite; ¢ 
Phosphagic F material, 


raoc, AMER. MLL. SOC, LIV, 220 C0, PRINTED FEDRUARY 25, 19710 
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‘ime carbonate centers, are found most frequently in the jaspery 
7 a Ls nS = T . . 

a hs . or = a hand I r 
bands. lhe epherules vary m size trom [2 to £20 nerons pul 


oe diameter of aboul G4 microns: 
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The chemical analysis of this bed, with its recalculation, is as 


Pollows: 


Pile if Fa, Recaleulation 
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AL : : ie ol ca 2 2 Aleit LF é eae ap , ins; 
Ants __ ewullie cay: Pel oe eek 4.54 
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Freer the above analysis this rikk a essentially a dolomitic 
manganiferous ferruginous shale with considerable amounts of 
Ca,(PO,),. Aniong the microscopically observable minerals mi the 

1 coe hae 


above recalculation are calcite, hematite, quartz, The nodular por- 


tions, usually isotropic and of exceedingly fine gram, ore probably 


‘” 


= =) 
ad 





ae 


Fic gs Photograph of manganese prospect along the Kelligrews high- 
way juet sooth of Long Pond; Loc aig F, 
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Pic 36, Columnar section of the manganese cone at Long Pond; Loc. 21g F. 
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in great part shaly in composition. The nodules of ths band 
snggest'a very possible analogy to these of 210-4 5. 11, 12) ha and 
Bs, Inas much as this bed ts somewhat phosphatic, the phosphate 
in all likelihood is associated with the nodules, ns we the case with 
the nodules of 219 A 13 of Mantels. This bed ts structurally and 
mineralowically quite similar to the phosphite wits of Manwels. 
Lone Ponp Section —About 214 mites southwest of Manwels 

and west of the railroad and wagan rond (see Fig. 35). manganese 
seears: inva low'cliff, as nodular and banded layers interbedded with 
shales. Though the stuingatiferous heds at this locality are con 
sidernbly more oxidized than those at Manuels, the occurrence a a 
whole ie similar and itis necessary to present the section with only 
brief macroscopical descriptions of the important beds ( Fig. 36). 
Loe, None, i 
219 F to Glacial mantle, 

qg Manganiferous greet shale, 

& Fhosphatic modular manganese alae .. 0.1.22 5e2-eceee ence eran TM 

7 Mangatiferous nodular andl lenticular green: shale ~~... e0e-+2 30 

6 Raneded nodular ore Trrrt ec. fh Le ee eee od ob 26 

5 Fissile gteen whale a ee ee ssh be es 8 

4 Mangaviferous banded ore , Sa = 

4 Massive todtilar green abide... 20.00.22 ae. > cea cdees avin has ooh 

§ Nodttar, shale ices cidineidecess des seuniecetessaseensesaneses OO 


i Heavy Rech olive ahiale POOP ee 0 


219 F 2 of the above section corresponds quite closely to the 
lower nodular hel, 219-4 4a, of Mannels (see page 302), chiefly le- 
cause of the presence of abundant discoidal-shaped nodules identical 
with those at Manuels The noiliiles have altered for the most 
part ton wad and clay, some having secondary manganese or white 
clay centers anil clay border zones and others with limonitic green 
clay centers with secondary mangamferous clay border zones. The 
weathered nodules are very alandant, 

2190 F 6 is a heavy monganiferous bed composed of several 14" 
to 3" red, brown and green maniganiferous seams separated by thin 
uolular shale laminations that are now red [tis quite evident that 
this bed is a continuation af either 21g A > or to of Manuels. "The 
interior of some of the weathered nodules is o red and green 


residual chiy. The manginiferous seams weather reddish and 
greenish, | 
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arg F 7 is probably a continuation of 21 A 8 and 9 of Mantels 
inasmuch as this bed is: nodular and has many lenticular and ¢on- 
tintious jaspery seams of a4 mech to 1 inch in thickness. alternating 
with 24 inch to 1 inch seama of reddish muimganiferous shale. 

319 F 8 fromm its similarity to 219 A 13 of Manuels may he de- 
scribed as a phosphatic nodular manganiferous shale with the martt- 
ganese in evidence as some hydrous oxide. 

Care, Cove Seeriox.—The manganese at Chapel Cove, of 
inconsiderable amount, occurs mm a very much faulted series of 
lower Cambrian Lintestones anid shiiles as alteration products on 
tiany of the structural planes. Tf it were not for certain lithological 
analogies with the deposits just described it would hardly seem 
necessary to give any detailed description of this deposi because of 
the small quantity of manganese present (sce Figs. 1 and 37 )- 





Sve rz Photograph int tle section sling the sliore al Lhapel Lore near 
Holyrowl, Lie. 274 Ci showing the managenése none at (Mm), 


The wenerilized section as worked out by Prof. G, van Ingen 
and Mr. A. ©, Hayes daring the sutnmer of 1912 is as follows: 


Lo, Osun ber, Fi 
s19(C gc Olive green sale 
Alternate pink Evers with anull block pebbles, manganese ayer 3.0 
a Olive green alinle, aleared near fault 


C+ Nodular limestone aml shale ...i.++---. Seowe mba ee 
> Argillaccous red Imrstone ant alteration shales eee 
6 Red shaly Weeplowe. ~~. ..... rere eee eee ene teense seem ea al tsa) 
5 -Hed abale .......--: ices @hicmae uesddscrdesdhscopeensemee &.0 

D> Heavy red lrmestone: 2.22.0 e ede ees etek ete eee n ene se tea 
6 Red shales with limestone 
= Red aul green limestone, 

4 Cereeti lirieetone 
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E2 Gray limestone, 
t Conglomerate with pebbles of syenite, black chert and limestone 
o Syenite. 

C2 Agglomerate. 
t Rihbon slates, Conception elates (Hurenian), 


The section represents the stratigraphic sequence and the locality 
numbers indicate the position of the layers, Quoting Prof. van 
Ingen in regard to this most interesting focslity : 


“Tt appeare to me that we have here the remnant of & squcere! syn- 
cline, the northern margin of which has been shoved far northwardly onto 
the underlying agglomerate and nihbon slates.” 


213 C 4b was studied more in detail ly the writer dering the 
summer of ro13 in the hope that some more definite knowledge 
might be gained on the occurrence of the manganese at this point, 
but without very much satisfaction. The subdivided THiLnigatiese 
bed is a< follows: 


Lew. Nam ber. 
aia. 4c Finely banded notuiar beil, 
b Fractured and stickensided green shale. 
nats " ria militar calcareous green shale with manganese stLining, 
«4° Nodular ferruginowus caleureoiia eroern sliale aiih - ss 
a Fractured and fissile abate. . SIS FEE MMR Aral 
' Mangenifcroup calcareous green shale with hematite nod pyrite, 


In as-much asthe manganese was not visible to any great extent 

m its primary form throughout this small series of 3 to 4 feet no 
analysis was thought necessary. Two af the above heeds, 213 L 3 
anil 213 1.4 are worthy of macroscapieal and micraseopical deserip- 
tions because of marked lithologival resemblance te certam of the 
rocks at Mantels, 
_ 283 L3 is 4 nodular shale with conspicuous calcareous ferrit- 
ginous and manganifecrots agprepations anil jet black pebbles or 
nodular forms. All structural and divisional planes of this bed are 
conspicuously stained with some secondary oxide of manganese, 
probably mt hydmted oxide such as patlomeline, Microscopical ex- 
amination of this shale brings out the foet thot thie sernichare Fs 
nodular and oblitic and that the rock isa ferruginous chloritie shale 
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The grourcdmass ‘consists of chlorite and, for the most part, of an 
indeterminable material, Calcite oectirs a5 an alteration prodtict 
OF as a constituent of the hematttic apherules, (Cluartz is found 
composing infrequent aggregates and as vein-filling material. The 
opaque minerals other than hematite are manganese as psilomielane 
er-some other secondary derivative, pyrite as dissemimations, and 





Fi 38 Photograpl of manganese prospect ou [Mrigue South Head; Loe, 
giz Ariz: a oxidized manganese beds: b, green shale 


limonite as a vellow etaining, The spherules are for the most part 
hematite in composition but carbonate is a very common constituent, 
The diameters of the spherutes range from 21 to 159 microns but 
average around 44 and 77 niicrons. The ferraginous centers of 
wane of the spheritles measure O68 of a mer, 

Certain discoidal nodules in 213 L 4¢ resemble those of 219 A 4 
at Manuels though they are very much lesssabundant. 

213.L 4a is nodular and the texture exceedingly fine-grained and 
locally crystalline: ‘The greater portion of the thin section 1s prob- 
ably composed of shale material and the remainder is taken up in 
great part by calcite and carbonate diseeminations, as replacement 
material of hyolithes shells, or as mineral aggregates. Barite occurs 
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as infrequent dissemmations and individual platy erystals and. prob- 
ahly once formed the Hyolities-like rode now reqilaced by chlorite 
and a carbonate, Fynte and hematite are found. The nodules of 
this hed, subspherical in shape, show under the microscope a-compact 





Fin, a View «if the tnanganese leds (a) dippmg inte the ea on bie 


cast side of Aoigous South Mead, 

Structure and an almost revugnal pou lols tmenesa of vrai. = b nder crossed 
nicols an vecasional angular fragment of quartz is found hut the 
groundimass as a whole appears to be isotropic. It is pevssille that 
these pebbles are anilogous to the phosphate pebbles of Alonuels, 


Topsail, and Long Pond, 
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Beictrs Seetiox.—At Brigus South Head on the west shore of 
Conception Bay (see Figs..1, 38: 30, 40, and-g1) manganese is found 
to a greit extent in the oxidized state in several beds at the water's 
edge in the shales of lower Cambrian age which make up the sharp 
hog back ridge overlooking the “Needles,” Because of the imac- 





Frm. at. View of the " Needles” at the extremity of Brig Sonili Head, 
showing the manganese zone (a-a), 


cessthility of that portion of the ridge where the manganese was 
best preserved, detailed measirement of the section wae not pos- 
sible. Prof. van Ingen and Mr, A, O, Hayes in 1912 found that 
the best mangunese measured about g.5 feet thick in a vane of 
15 feet. Specimens collected from more accessible portions were 
all practically altered to psilomelane but there t one. which shows 
the original jaspery carbonate quite similar to the types described in 
connection with the Manuels occurrence. Several old prospect pits 
on the more accessible parts of this ridge were examineil by the 
weiter. but the manganese was foun) to be in its sccontiary shite and 
the interbedded shales ina very much disturbed condition. ‘The 
strike of the strata of this locality is N. to F. and the dip ay FE. 
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Fic. ga Colimnar section of a portion of the lower Cambrian at Brigue: 
South Head, from oveasurcments made by Gilbert van Ingen and. A. O, Hayes, 
Igr2, 
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The following section as prepared by Prof. van Ingen and Mr. A. 
©. Hayes from their study of the region in 1ot2 shows ‘the strati- 
graphic relations of the manganese deposits at this point (Figs. 
40 and 42), 


Lot Nomber. Wh 
212, A-t4, ‘Green shales, emi..of. needles. .......0.. 2 ccccecesscceey eweses SOO 
))0| OParedorvides come, erven shales. Pate a enien arte ea mee ee 
m2Atzh Green sliales: .__.... ieee He, pee ae eee. 
[ta Manganese zone (4.5 it best) . vey oink sieve wh books SS 
uO Red shales, thin band . icv vedba revberwettidacseacials b's “aa 


'G) (GOR: CHRIS ee occe nse weesw we oe ove ews (onc tacdcwccch ruedece’ GO 
+P Red shale Feb i PeerrrPrretrtsa4d ts 22 fF x ee eee 


BR Beal obraly: Himestome 22. cic eee cece eeeeee . 11.6 
Red. cshele .;..:.. wale ka de 
ti Limestone, heavy “wilite. at ‘Bae pee an ical have 

Holmia brdgyeri anil other trilobites .....00. <eraveeeat . j00 
5: Red shale ._.....-.-000res fae dae Reece tec Patan Dee . $0 
4 Limestone. very dhialy ae a em - fap 
3. Red shale. . =F ae ee 3 a. 320 
+ Lanvestorne. welts Cryitpboan Sete evwtdwsan) SOO 
t Reel shale with local canilstone anil cottglomerate , rik 

Lindon formity. = 

o PreCambrian shale and ash beds 


The striking feature of this section is the position of the man- 
ganese zone in relation to the Paradyxides bed which is exactly the 
relation established at Manuels and undoubtedly at the other locali- 
ties described. 

SsutH Souxp Section, Tarxiy Bay—The manganese zone on 
Trinity bay opcurs at Smith Point (Fig. 1) as two massive beds 
assocuited with red. and green nodulir: shales and Hmestones of 
lower Cambrian age. The accompanying map (Fig. 43), prepared 
from a transit survey of the shore line by Prof. yan. Ingen during 
the stimmer of 1913, shows the structural and striligraphic relations 
of the two manganese heds, 230 D 20 and 1) 27, The general strike 
of these beds ig north and the dip, 20 west, 

230 D 27, the important manganese hed of this section ( Figs, 44, 
45), measures some 38 inches in thickness, ani is fauited with a 
downthrow of 15 feet on the west side, Ti is the thicker of the two 
manganese beds, and has been found by analysis to be essentially a 
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Fic, 44. Columnar section of a portion « | | | 
on“ near Set Point, Smith Sound, Trinity Ray Seede ates te mele 
I manganese rone, 230 D6 to 28, Mase Arbok. 
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manganiferous dolomitic ferruginows shale. The bed is somewhat 
massive and nodular though the nodules are very irrepular as com- 
pared with those at Manuele and other localities; irregular crystal- 
line areas form the nodular pertone while the matrix is made up 
of jore argilaceous matter, Thin sectiots taken from the bottom 


and ceritral portions of the bed were examined microscopically, 





I 


Pie a5 = MISE ul TmMngEnese ore, 340 Ler, eth Ue ronal Cove shore, 
sear Smith Point Smith Sewell. This is a neduler ferromanganese carbo- 


tinte-okile Paul. 


230 D-27a0 is u redilish nodular and odlitie shale, with hematitic 
carbonate mmkme up the greater portion of the determinable 
Hinerals: aggregations of «fine-grained dark maternal suggest phos- 
nhatic nodules go common in the Marels occurrence. lrregular 
erauins of quartz and ageregations of chlorite are found. Sections 
of trdobites and other organic forms contamning carbonate material 
thound, Same hydrous mangamnc (hoxide orcurs ( Fig. hi Sitde 
ae). Sections from the middle portions of the bed, 230 D 27e, 
show a somewhat massive, nodular or offitie redilish rock, Plerna- 
tite is found as a piginent and to a lessersextent as lstrous opaque 
grains to which the color of the rock is due. A manvanic oxide 
occurs as irregular and infrequent grains. Carbonate occurs as 


vehw filling, as irrepulur areas, or as replacements of sponge spicules 
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and other organic bodies. Harite 1s found infrequently, sometimes 


with chlorite fringing it. Chioritte may be found replacme trilo- 


ihe Tragricuts, 





; 1 = A, 
Fig. a7. Mircr photograph of (mserhierotis munminese ere: 230 Ley 7 sk 
209; from Broad Cove; enlarged 22 diam, 4, mianganete carte mate-oxithe 


ore: b, fragment af trilobite teat 
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The manganese according to the recalculation of the analysis is 
essentially in the form of a rhodochrosite and whatever manganese 
there js in excess probably exists as a peroxide. Tt is quite possible 
that Ca,(PO,), exists in the irregular black firie-grained areas, 
though nothing definite can be said in confirmation of it at this time. 


Section or tun Lowen Camprian From tHe Base or THE LOWER 
PaARADoxInNes ZONE DOWN To THE Tor or tHe Srrit 
Post Limestone, Trrsrry Bay (Fig. 47). 


Le. Number, 
230 D2) Thiri sean of nodular limestone in red shale .......---- 
aa Sirtght pod altnle ocecceti bes ac aedsseiasvanetcacsseascoskeses 60 
Coray) Gerteth GANS: orn earns eee eceense scene dyes eeesee eden eee 
1 en Te 
Bright red fissile shale with thin ere seams anil patches .... O7.0 
Manganese limestone (manganiferous dolomitic amie) G-.... 25 
Bright. ved fissile shale... - cc. .c ipa ececc ca icdesawceeras meen JOO 
Grayish green fissile shale .......0cceccececeseeereeeneaneens Sel 
Bright purplish shale alternating with bright vl shale ..,---- O70 
Green: ' gritty diales. 0.2.5 2.0525-65.- sin onnracsceaene-s2ei 7S 
- (Gray band of fine grain silictows Inmestone full of pyrites and 
same brachiopods and trilobites (2...) ...cccecncaseeccence O15 
21 Gritty green shale, brachiopods amd trifoliites ......6.00000000 io 
Heavy green silicious conglomeratic manganiferons limestone 25 
iO Porple shale ...c cies ececacen MA AA Spree ee ae a Dale . 100 
t Green shale .....-...., ee ny 
OF Red ghale -.-2:..-ccssssawsnenapesencsasdcsneure aha one wet OT 
b—Contains trilobite fauna vewaavasueusanctnn. ollie ft, 
a—Reid shale ...... pecee ee fQO 
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(6 Smith Point Limestane, 
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V, OTHER MANGANESE DEPOSITS OF SOMEWHAT SIMILAR 
CHARACTER: 

Sedimentary deposits of manganese are not of uncommon occur- 

rence but it is rare that we find sich deposits still in. their unaltered 

condition as they were originally formed. There are however a few 


deposits elsewhere which in many respects resemble the Coneeption 
Bay and Smith Sound occurrences: 


NEWFOUNDLAND, PLACENTIA Bay. Jn Placentiy Bay, New- 
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foundiand, manganese has been described by Murray and Howley 
as a massive carbonate bed interbedded with slates of “Silurian” 
age. Dr, T. Sterry Hunt (12: 204 and 205) described this 
mineral as 

“compact and impalpable in texture, brittle, with a conchoidal fracture and 
a feeble waxy luster; slightly translucent om the thin edges; color fawn 
to pale chestout-lirown; «tréeak white, hardness 40; density 325. The speci- 
men shows faint lines which seem to be those of deposition and give to the 
fiass the aspect of a sinter, [Tt is encrusted and penetrated in parts with 
black crystalline oxide of manganese. The presence of oxide of manganese 
in this mineral is probably due to its partial decomposition.” Analysis of this 
mineral by Dr, Hunt is as follows: | 


MnCl, TT ee Serr eee ee LTT eT Leroi 846 
fic, CaO and Mat) ico ftaee ee 4g Pe oe a | traces 


“This deposit is of interest on account of the existence of the metal in the 
form of a bedded carbtinate, It probably represents the former condition of 
many of the oxide ares of manganese cleewhere in the stratified rocks, but 
they have since been converted to their more stable form." 


It is quite evident from the above description of the Placentia 
Bay manganese that we have in all probability a deposit similar in 
mitieralogic character ani stratigraphic position to those in Concep- 
tion Bay, No published stratigraphical or paleontological work has 
appeared on the Placentia Hay occurrences. In that portion of this 
paper relating to the stratigraphy of the manganese deposits it will 
be readily seen that the basin into which the manganiferous muds 
were deposited to form the present manganese beds of the lower 
Cambrian probably extended to or covered Placentia Bay or that por- 
tion of Placentia Bay where we now find Cambrian rocks. There is 
no doubt that the “ Silurian rocks” referred to above by Howley 
and Murray are the lower Cambrian, 

Wanes.—Sedimentary manganese deposits have been described 
a8 occurring in the Cambrian rocks of Merionethshire, North Wales 
by Mr. Edward Halse (9: 156) in an article entitled, “ The Occur- 
rence of Manganese Ore in the Cambrian Rocks of Mertonethshire.” 
He says: 

“in the Harlech mine, the bed of ore is a little over a foot thick, consisting 
of grit of medium grain, overlaid by a thin hand of quartzite, probably meta- 
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mortiosed eit. The roof proper consiot of about 2 feet of very hard, 
wchistose ricks, termed! “blue stone’ by the miners Spectmens of ore taken 
from the mine are seen to be formed of onitorm layers. having gray yetlow- 
ish, white, greenish-and chocolate-brown layers." 


A reference by J, A. Phillips and Henry Louis (215296) to the same 
occurrence is as follows: 


"Beds of carbonate of matganese with some siheate, the outerdps of 
which have been to.some extenr changed into black oxide, occur intercalated 
between sandstones, grits atid conglomerates of the Cambrian formation, and 
have been mined to some extent; the beds vary from one to two feet in 
thickness, and yield ore, averaging shout twenty-seven per cent, of metal, 
which is used in-spiegel making, These deposits are evidently aymplivtic and 
belong to group b of that class." 


Phillips and Louis believe that these deposits were formed syn- 
genetically but from precipitates in ayweous colutions. This deposit 
suggests very striking similarities to the Manuels occurrence not only 
mineralogically and genetically but also from the standpoint of 
stratigraphy. 

AgkANsAS—The Cason tract of the Batesville region, Arkansas, 
presents certain petrological analogies to the Newfoundland oceur- 
rences. Dr. Penrose (26: 219) describes the ore as occurring 


“in lenticular layers, varying from an cighth of an inch to three inches in 
thickness, and interstratified with an indurated red clay of » slaty structure. 
Generally, however, the ore occurs in the shape of flat; lenticular concretions, 
from a quarter of an inch to one inch in dlameter, locally known a4 " tutters 
ore” ‘They have & concentric siructure, are dull black on the outside and 
bright on the inside and are imbedded in a red or brown, fine-grained and 
more or lees coleareous sandstone.” 


Analyses of the ore run as follows: 


eee Pere re et, TT. | cones SO 
Fe Te ate Th rrr rrr el. kia ee = of 
Ny 8a ese eae errr a ee ee ern fee] 
Bae Sess payecasti oasis OSs sens cetslebia cv deux, OS 
pig na Cee +) eewew EO 
CAO sees eea ees Papeete ae 209 


Similar conditions to those postulated by Penrose for the ac- 
cumulation of the manganese in the Arkansas region seem to me 
10 be applicable to the Newfoundland deposits. 
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In writing of the circulation of the manganiferons solutions and the 
conditions under which they might be precipitated in the coastal 
shoals or lagoons, Penrose says (20: 590, 591): 


“This gradual focal accumulation of tand anil marine sediments: would 
eventually cause shoals and possibly coastal lagoons and swamps into which 
the waters from Arches: rocks of the Missouri Archipelago would dram.” 

“Here the solutions exposed in a stationary condition to the oxidizing 
ond evaporating action of the atmosphere, would deposit therr metalliferous: 
contents a& carbonate or potsilly oxide of manganese. In some places con- 
siderable bodies of ore might he formed im one spot, in others the manga- 
nese worl! he dessiminated through the mechanical sediments: being laid 
down at the sare time, A secondary chemical action might cause the segre- 
gation of the disseminated manganese and the formation of concretions of 
carbonate of manganese, which woul! be later oxidized in forms such as are 
characteristically shown at the Cason mine, rear Batesville, and elsewhere m 
the reeion. In other places the manganese might remain in a finely diseemi- 
Hated state, catising the common occurrence now seen throtghout the region 
of an earthy manganiterous limestone containing from 3 to #5 per cent. of 
Engen.” | 


Saxoxy.—The writer was led to analyze certain of the man- 
ganese minerals from Schebenholz near Elbingerode in the Harz, 
which were purchased from Krantz, because of certain physical re- 
semblances to the Newfoundland specimens. One specimen labelled 
* Allagite with Dialogite, etc." consists of three different materials ; 
the first is greenish and gave the following analysis; 


Sif), TREE. OOO oe eo 39.10 MnSiQ), See ebe tat rr eee 33.98 
Fay cicecicvevecsecscsacenes 387 MaCOy ~~. ers peeeseedcemecs EROS 
ALO, TLC. Oe ee ee 1.70 Mel, oe ee oe ee le inet’ ei ome ay 


Mno eeewen ae ese Cham ee Seas eiad 27.09 Cato, Peewee bd Se DR Paes 1,70 
atl) pid ah Pe Pe Pee ie ee 1.00 Sit), ee ee ee ee IDO; 


Math aoe vocecdeaccerse GOR FOQp-cccnessepereencpiesncacs ES 

HO) ccc covccesccecncereeeee $19 2H,0-AL0,2S10, .......-...- 23-76 

CO, cpudeecesaverpceceen¥oce BE09 00.85 
100.79 


Unfortimately the ¢arly descriptions of this substance were not 
quoted very fully by later writers, but one of the imparted speci- 
mens which was <imilar to the one analyzed had the following 
original label pasted on the back of tt: 


$56 DALE—CAMBRIAN MANGANESE DEPOSITS OF [Apri aa. 


Griner Allagite in Taomosite 
eingewachsen. 
73-71 Manganoxydulat, 
16.00 Kiceelerite. 
730 Kohlensaure. 
Sckhehenhols ber Elbingermte 
This analysie was published in 1817 and 1819 (Jashe 13: 1-12) 
and to all appearances ts the same mineral analyzed by the writer, 
which is alsa labelled allagite. 
Another part of the same specimen is a greenish jaspery mineral 
similar physically to the green band of the Newfoundland specimen 
and has the following composition: 


Recalrulation, 

Pi Ae ee ee Far ue |) | ete rarer ss | 
Fe bo Feet Ht SLD KPT Hee eR AO? MnCl), Tee EF Lievtaulieitrteifiotoeoer TiO0sd 
MG macaaeanesss ENT, SR ep area IE 
BND + paseo cevetatanepiseene? 1.53 MgCO, ...c..20e0s mere . 370 
oe wersnewrar, TOF, CaCO, secceecesceucanss “Sto 
MgO Pewee ed eed ee 2 a a 18t 2H,0: “AL,O,-2Si0, tia ee oom 11 
Fit) cabhsapnniss tila ect vs abi Bo rm 

Och 
co, . aen50s reas 


According to the recalculation this material is a manganiferous 
argillaceous chert, and is in all probability the silicious schist or 
shale of the Culm referred to later on. 

_ The third portion of the specimen analyzed is a pinkish sparry 
mineral occurring as small veins with the following composition : 


Recalculation, 
Ao eee ce Seiraheseenced oO MnlOh icc. SM eee recn Mate 
MELA, wrep eases cvcermeneecwens (“AG MASION (ccceieecivecscrceeca BOR 
ALO, vrersseesedeseseweenneee, MO GROCOY. cecccicceesvccovavceesi aon 
MnO ae bese EO Meo, week d repent 
CAO) ed imp ec vs veandewaticiccey 26 SACS, toc ee ce 216 
MgO ak ae eal ei es omy sale ~ OF Fey Ascii ke BS aie 
ee ee - 170 63H,0.AL0, 250, eee 5.09 
Ct, TET Te ee Coe a a i) tooo 
gy Ao 


This mineral, because of its similarity to another specimen with 
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a label which reads “Spathiger Diallogit * pasted on it, is probably 
diallogit. It is however g very impure rhodochrosite. 

According to W. Holzberger (11: 383) and C Zerrenner (25: 
>} the ores from the Kaiser Franz mine near Elbingerode, in the 
Harz, occur as pocket-shaped intercalations a meter or $0 thick in 
the dilicious shales of the Culm, The ore consists of psilomelane 
in dense and botryoidal masses, some pyrolusite and coatings of 
wad. with rhodonite, rhodochrosite and quarts present as acces- 
sories. The ore formerly worked contained on an average 60 to 
63 per cent. of manganese peroxide, sometimes rising to 67 per cent. 
(23: 230). Zerrenner consiilers these manganese ores as later 
material separated out of the silicious shales, a theary which needs 
further investigation. Though the above described deposit is not 
the same as that from which the speciinens analyzed above came 
from, it is no doubt stmilar. 

The Elbingerode occurrence is similar to the deposits af SE. 
Newfoundland in that they are both primary manganiferous sedi- 
ments, They differ in that the manganiferous zone of the former 
pecurrence is considerably regionally metamorphosed while the New- 
founidiand sediments show very little change in this way. Accord- 
ing to the above analyses, assuming that the imported specimens are 
representative of the region concerned, the deposits are very dif- 
ferent in ag witch as they consist mostly of rhodonite and manganif- 
erous cherts while those of Newfoundland are carbonate-oxides and 
oxide-carbonates of manganese. 


VI. CHEMISTRY OF THE MANGANESE DEPOSITS. 


The most striking feature of the accompanying analyses ts the: 
high content of MnO which ranges from ti.42 per cent. in Analysis 
J, to 40.25 per cent. in Analysis D, with an average content of 
30.02 per cent and an average metallic manganese content of 24.04 
per cent. 

The manganese is present for the. most part as the carbonate, 
MnCO, or rhodochrosite, which vaties from [0.23 per cent. in the 
red band (Anal. E) to 44.39 per cent. in the green band (Anal, A) 
of the Manuels deposit, Rhodochrosite 13 not recognizible as such 
because of the impalpable fineness of grain of the deposit. 
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Solubility tests made of the red band (Anal E) which has 
27.61 per cent. of SiO,, in whitch HCl was used as thesolvent, show 
that the manganese must be present in some other combination than 
in that of the silicate, as the residue was about anfficient to cover 
the total silica, SiO,, ALO, and P.O, In Anal, D, it is evident 
that the two most important constituents are MnCO, and MaQ, 
with percentages of 32.89 and 28.93 respectively and that the excess 
Tanganese calculated as the oxide is more than sufficient to form 
an important manganese silicate as the mineral percentage of SiO, 
is only 540, which fact lends support to the result of the solubility 
test made with the red band, Anal. E. A sinmlar interpretation 
might be made with the Topsail ore (Anal. I), which is primarily an 
“oxide ore with MnO,— 34-25 and MnCO.— 11.27. SiO,, of which 
there 18 10.32 per cent., probably is present in an uncombined state. 
The comparative instability of MnCO, would, however, lead one to 
siispect that the excess MnQ,, where not of primary origin, Was fi 
derivative of the carbonate and not combined with Sit), to form the 
silicate, MnSiO,, 


AWALY4Se= oF MANGANESE Daenirts oF NEWFUUNDLAND AND Fini xcerone 


———— 





























tt | & |'co!| 4 a S | «| || 
=, :s = = >: = — = 
HBQBOHOUGE g|3 
——s il i —— = = = 
Monuels; | i 
A, Green band 7-44, 3.36 aay eT N35.59) VE sollsit | Dera: 
B, Pink crl,... 5.04, f.$0 fire toh4 |g) 72.02 tl. oll q = 





| 0.05 ) 3077 Mg ox 
‘| ES | 2a | OO.o6 
4) | 20,85 | 10.79 


(-, Green nel, , 20.31 7.35 HOR /41,90)10.47 LBo'h, ah. 
DD, Brown band) bo.23) F.ga ‘So! 4¥4!40.35) #.11'3.03). ae 
E. Red taal . ine 61) 425 Loy iced 0005 v.iaisapl.. qt Acta | 1057 Jog,o0 
Fi 2ipAt re hga oc er | F05 9T 44 Th 46 5-02),.-.| 30th 2.68 71.90 | 100.65 
Hl pone 153.62) 3.13 1060 23.43 1) E25) 30), oi St 54 #399 4-29 
rip A ty... MTS bores) FAT wee |2 eet ee t 
Popeail: Wea | ‘i ia 78) 6068 age | aaa | ogo 


Laig Ey. ..../io4) 4.83 i. O.58 41.36) yy v9 |e ary 7 

J.200E6..,.. 48.24 p08 oo EASA 844 + 
K. Sith Pt. 45:14 OF 1.219. hs Sy ta brad 
L.ihin (-) y 27:09) 

M, Elin. (4+) pean <o0 “ Lablta, ‘3M 162 1.8 
N,Ethin, (=). 1 7.80) ty §. 62.) -7hisaion) 9.96 3, ty 


* Analyst, Mr, A F, E Buddington, 








-| 78 | Boy) PT-O5 
L271) 2.07 | zoo | og. 
19) 2.79 | atoog | toa.8g 











Bo.) J.A2 | oo.04 
te | gato | 978 


-eons) 09 | 93.23 | doa79 
tesifree 


The evolution af Cl during the. digestion of the samples with 
HCl is evidence that the excess Mn occurs as some peroxide, As 
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there is considerable water in the Topsail ore (Anal. 1), the excess 
manganese probably ts present as a hydrated peroxide such as 
psilomelane but probably in a very fine state of dissemination. The 
remarkable feature of the samples studied is the conspicuous ab- 
sence of the dark oxides of manganese so far as macroscopic and 
microscopic observations are concerned but the reason for this may 
be, in the case of the lighter samples, anyway, that where there are 
alnumdant hematitic sphernles there may be some masking, With 
the darker specimens studied, such as the red and brown bands at 
Manuels and the haritic nmmpanese ore of Tapsails (Figs, 22 and 
32), the conspicuotis mianganiferous and ferrugimous staining might 
easily: mask finely dissentinated particles of the peroxide of man- 
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The two most conspicuous mineral associations of the manganese 
deposits of southeastern Newfoundland are the tricalcium phos- 
phate, Ca,(PO,)., and barite, BaSO,. Only a few of the beds 
were analyzed for the former of these constituents where percent- 
ages of Ca,(PO,). ranged from 2.50 at Smith Point (Anal. K) to 
10.31 (Anal. EB) at Manuels. Anal, H shows 38.77 per cent, of 
Ca,(PO,)., references to which are made on pages 409 and 453, It 


PROC. AMER, PHIL, $0C., LIV, 220 2E, MINTED FEBRUARY 26, ToT, 
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ia quite probable that others of the manganiferous beds analysed are 
phosphatic. 

Barite (BaSO,) is probably more common than the analyses 
indicate and ‘is probably included with the SiO, and CaO, It is a 
conspicuous associate of these deposits, as has beon found to be 
ihe case with manganese deposits in other parts of the world, The 
chemical reason for this association of two very different chemic- 
ally-acting elements, as well as the genesis of barite are disenssed 
an pages 451—453- 

ALO,, though not as abundant m the important manganiherows 
beds as in 2 typical shale, which that of Anal. G approximates. is of 
sufficient abundance to connect these deposits with the angillaceous 
sediments. CaC) and MgC) are in greater amounts than in ordi- 
nary shales, giving the deposits a calcareous or dolomitie: character. 

From a study of the mineral percentage composition of the 
samples analysed, the manganese rocks are found to be essentially 
caleareous or Jolumitic argillacesus carhonates and oxides or car- 
bonate-oxides of manganese, with hematite, barite, and tri-calctum 
phosphate as the chief accessories, 

The following iron determinations of the green and red shales 
of the manganese zone ai Manuels, Conception Bay, show some 
interesting results. 


Fetl, Fite 
Bed shale, 210 A dace nsec ees 468 sb 


Green shale, 219 A 3 Seo neltre 4.66 3.12 
Red tanil, 219 AF -.---.eneaeeweewerenese G69 4.25 
Green band, 219 AF 12... .cscce.-----e ony Bd 4.46 


It ds quite evident from the above analyses that the color im the 
green shale A 3 and in the green band A 7 is not due entirely to the 
ferrous iron as we find considerable Fe.O, in both. Im the green 
shale. A 3, there isan excess of .§4 per cent, of FeO over the FeO, 
while in the green band, which is manganiferous, there is an execss 
of .15 per cent. of the ferric oxide (hematite) over the ferrous 
oxife. In the green hand we should expect a masking of tlie green 
liy hematite masmuch 2s there is sich an excess of the ferric aver 
the ferrous, Thin sections of this hand and the preen shale reveal 
some hematite htt in very inconsiderable amounta: not enough, at 
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all events, to explain the percentages as brought out in the analyses, 
tt would seem then that the ferric tron does not exist essentially as 
hematite but as @ silicate or some other allied mineral, and that 
the green color so predominant in the manganese bands and shales 
may be die to the ferrous and ferric silicate. 

The presence of hematite in the red band has undoubtedly caused 
the red coloration and the same may be said in reference to the red 
shale, 210 A 4, where there is an excess of 72 6f FeO over the 
Pe,Q,, tnt mm these there ondoubtedly has been sufficient masking 
of the ferrous’and ferric silicates of iron bv the hematite: 

The production of the hematite was probably brought about by 
the conversion of the silicate into Fe,Q, through oxidation, . 


VII. GENESIS OF THE MANGANESE DEPOSITS AND ASSO- 
CIATED MINERALS. 

so many of the sedimentary manganese deposile deserjhed in 
the literature are m such a highly altered condition because of 
oxidation and deeper seated metamorphic influences whereby the 
original or primary manganese minerals have been so altered as to 
he of little genetic significance, that the carbonate-oxide manganese 
ores of southeast Newfoundland, which are surely prinvary ores, 
give promise of yielding evidence of considerable value on’ the 
question of genesis, In considering the genesis of any marine sedi- 
mentary manganese deposits, we are, however, confronted with 
many prave difficulties because we are dealing with submarine 
theniucal conditions of which title is known and with diagenctic 
jirocesses of which till less is known. It is also very difficult to 
‘advance any suitable chemical hypothesis founded upon some re- 
o¢tion that successfully works out in the Inboratory which will not 
he of doubtful application in tiature, With these difficulties in mind 
the following subjects relating to the genesis of the manganese 
deposits of southeast Newfoundland will be consilered: Tarly 
Cambrian physiography; Nature of deposited sediments; Conibh- 
tions under which the manganese deposits were formed; Summary 
of genesis of manganese: Diagenetic structures, as banded, modular 
anil oolitie; Genesis of barite; Genesis of tricalcium phosphate; As 
sociation anil separation of tron, 
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Eagty Casnerax Parysiocrarny.—tn all probability the area 
ovcupied by Trinity, Conception, Placentia, amd St. Marys Bays, the 
included land and the western and eastern margins includmg the 
present known Cambrian outcrops, was a continuous body of water 
shortly after the beginning of the Cambrian transgression. West 
ani! east of this Cambrian sei were high and extensive pre-Cam- 
brian land ‘areas. The great crustal movements which threw the 
pre-Cambirian into mountain ranges probably converted the portion 
now occupied by the four bays and adjacent land into a narrow 
basin, ‘The main topographic features of the southeastern part of 
Newfoundland during the beginning of the Cambrian were two land 
areas of great relief separated by a comparatively narrow trouglt 
which had a general north-south direction. 

Whether this trough was aclosed one or not, it would be difficult 
to prove, but from the requirements of the problem it i necessary 
to postulate a more or less closed basin or coastal shoals or lagoons, 
Concentration of manganiferous soluble salts could go on satis- 
factorily only in a more or less restricted] shallow sea where the 
walter was comparatively quict. The facts that ripple marks occur 
occasionally in the deposits such as at Mannels and that a shallow 
water fauna alounds such as trilobites are sufficient indication that 
there wis a shallow sea nt this time. 

Natuxe or Derosrren Seniments—tInto this trough dunng 
early Cambrian times great quantities of mud were brought by rivers 
draming the pre-Cambrian Jand masses and to a lesser extent by 
the action of the waves.on the shore linc. As hos-already been 
stated the preater thickness of shales in the western vextine of the 
hasin ds due to the fact that sedimentation had heen going on for 
a jonger time in that part of the lasin which was in all probability 
the deeper part. It is also quite possible that the western parts of 
this trough were receiving more sediment: than the eastern. The 
shales are characterized by their predominant red color it the 
western parts of the basin interbedded with shales of green color 
‘and throughout the: entire area by a highly manganiferous zone. 

GENESIS OF TIE MANGANESE Ogt—The distinctly bedded char- 
acter of the manganese deposits and their occurrence in definite 
horizons.of limited thickness and considerable horizontal range seern 
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to point clearly to the conclusion that the deposits are essentially of 
sedimentary origin, rather than products of a later ground water or 
weathermg coneentration. But beyond this conclusion, there is 
room for great diversity of opinion. 

Two questions present themselves at the outset of the inquiry: 
Was the manganese deposited contemporanconsly with the clastic 
sediments in its present degree of concentration? Or, was it some- 
what disseminated through the muds and subsequently concentrated 
by diagenetic agents? While the first of these alternatives is held 
by the writer to be highly probable, no positive and final anewer can 
he given to these and to matty other questions raised by a study of 
the problem of genesis, although various stiggestions are presented 
in the following pages. 

Manganese exists in sea-water and has heen noted by For- 
chhimmer and by Dieulafait (6: 718) but not in sufficiently con- 
centrated form to produce deposits similar to those under considera- 
tion. Murray and Irvine (19; 735) found that the red muds of 
the mid-Pacific and Indian Oceans, which were made up in lange 
parts of basic vitreous volcanic: mmerals, were responsible for the 
large amounts of pulverulent and nodular ferromanganese. These 
nodules consist on the average of 29 per cent. of MnO, and 21 per 
cent. of FeO, with the remainder largely clayey material. The 
basic glasses contain the only important primary manganese-bearing 
minerals in the ocean and the manganese is reported by Murray and 
Irvine to have undergone conversion into the soluble bicarbonate 
which upon reaching oxygenated surface waters, is decomposed with 
precipitation of the dioxide, The particles of MnO, falling to the 
bottom gather upon various objects which serve as nucle} for con- 
eretions, or the nuclei themselves may have been the cause for the 
precipitation, Murray and Hjort (17; 192) in this connection 
say : 

“Tt should be noted that these oxtdrs need by no means necessarily assume 
a coneretionary form. ‘They wre very commonly foun! as thin incristations 
on granular and fragmentaty objects. Furthermore many, If not most of 
the pelagic clays contain intimate ailmixtures of finely divided brown man- 
ganese and occasionally of limanitic iron. Here the supersaturation wonld 
seer to have been so high as to transgress the metaetable limit, whereupon 
the oxides have precipitated themsclves without the intervention of muclei; 
they certainly nist have heen precipitated from solution.” 
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According to Leigh Fermor (8: 403) the origin of the deep-sea 
nodules is:summed up as follows: 


“a. The mangaiese although probably partly derived from cosmic dust 
and volcanic debris, has been mostly precipitated fram golition fh the sea 
water, the matganese 2alta having licen originally brought into the sea by 
rivera, 

“2. The manganese oxide, although possilily partly precipitated asa re- 
sult of the action of the +ital. processes of organisms, both vegetable and 
animal, has been mainly precipitated by calcium carbonate aided by the obscure 
Process of segregation from ‘solution round a omocleus, | 

“gd Where the sca-bottom consists inrgely of caléarecun eedimenta, the 
precipitation may have been mainly bromgia about by the aolation of «some 
of this calcium carbenate with the deposition of an equivalent amount of 
tangancee oxide owing to the presence of free oxygen. 

“a Where: the sea-hottom ‘consists of red clay, it does so beeaime the 
depths are there so great that the tets of thin-shelled organisms are com- 
pletely dissolved (hy the sea-water before they reach the bottom. The cal- 
careous matter in being dissolved deposits ah equivalent amount of manga 
nese oxide, which descends to the bottom, and there act as 4 nuchene for 
the ergregative extraction of manganese from the waters at the sea-bottiom 
The Weposition of manganese oxide by means of calcium carbonate associated 
with the red clays probally alio occurs to a subordinate extent. for the 
shells of thick-shelled organisms may reach the hottom before bemg entirely 
dissolved.” 


This summary of Fermor’s is (uoted in full here because of the 
marked divergence of his views from those of Murray and Trvine, 
and becatse of the greater stress laid upon Penrose's idles of the 
precipitation of manganese oxide by calcium carbonate. 

This the belief of the writer that the early Cambrian Sea of south- 
eastern Newfoundland mist have had <o restricted and shallow & 
character 25 to allow of a concetitration of the manganese salts 
sufficient to’ form deposits of such dimensions and character as we 
now find. Whether the manganese was brought down entirely in 
soliton or only partially so, or entirely oy parily in miteral cotm- 
bination as fine muds from which ihe manganese was subacquently 
dissolved, one cannot say at present. Hoth mus: and solutions 
probably have contributed the manganese which forms in great 
part the deposits as we now find them, 

The conditions which brot 


wht about the formation of the car- 
bonate and oxide of | 


neinganese are problematical, It is generally 
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supposed that manganese exists in solution as a bicarbonate or a 
sulphate, In their work on the Biue Muds of the Clyde Sea area, 
Murray and Irvime (19: 728) found that the bicarborte of man- 
ganese was derived “first from the direct decomposition of the 
rock fragments in the mud by the alkaline carbonates tn the sea 
water or, second, from the reduction of the higher oxides of man- 
ganese by the organic mutter in the muds.” in many respects the 
Clyde Sea area of England is similar to what the lower Cambrian 
sea of Newfoundiand must have been. It receives detritus and 
waters draining lands which are in large part of an igneous. anil 
sedimentary character (19: 780). 

“What is known as the Clyde Sea Area consists of a ecries of aub- 
marine basis, separated from each other by aubmearine harriera. The depth 
of the hasins ranges from 30 to 106 fathoms, and thie depth of warer over 
the intervening rilges varies from 3 to 45 fathoms. [pn all the deeper parte 
of the basing there is a bloish:mod, in which, as a role, no manganese nodules 
sre found, hut on the immediate surface of the deposit of Blue Mud there 
it a surface tayer with a reddish of Tight gray color, in which deposits of 
manganese digzide secur, When stones are dredged from these mods many 
of them are surrommded by a dark rmg of manganese dioxide, mirking: the 
depth to which they lave been embcided in the mui) The whole upper sur- 
face of the stones has Hkewise a slight coating of manganese, while a portion: 
imbedded in the nnd. is free from these munganese deposits,” 


He goes. on to say that 


“The formation of manganese nodules on the immediate surface of the 
deposit, on. the tops of the barners, and im the pit-tike depressions, is most 
probably to he accounted for hy the more abundant ampply of oxygen, or the 
diminished amount of decomposing organic matter in these positions.” 


A somewhat similar set of conditions probably was present in the 
nmils and superjacent sea water of the Cambrian basin of New- 
foundlarid with the exception that instead of all the bicarbonate 
being converted into the dioxide the greater proportion of tt was 
precipitated as the carbonate of manganese (MnCO,). The libera- 
tion of CO, from the bicarbonate of calcium in solution has been 
experimentally effected by evaporation, increasing the temperature, 
or through agitation of the solution. lt would seem to the writer 
that the liberation of the CO, from the manganese, calcium and 
magnesium bicarbonates might have tiken place through evapora- 
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tion resulting in a contemporancons formation of nuinganese, cal- 
cium and magnesium carbonate. As the analyses show from 1.25 
to 32.92 per cent. of CaCO, and from..o7 to 5.01 per cent. of 
MegCO, this would seem to support such an-action. 

There is a possibility that the decomposing organic mater 
‘present In the muds might have caused a deoxidation of the <ul- 
phates of the sea-water and of MnO, with the subsequent formation 
of FeS, and MnS,. The latter, being very unstahle, would pass 
immediately into the bicarbonate to le subsequently freed of its 
CO, to form the carbonate and if oxidized would pass into the 
dioxide. Such a process might account for the carbonates and 
oxides of manganese and the little pyrite that oceurs. Though 
there is evidence of life in the manganese deposits of Newfound- 
land as furnished by the fossil trilobites, pteropods and phosphatic 
accumulations, we have no evidence that there was any great abun- 
dance. However these deposits resemble the Bluc Mude studied 
by Dittmar (6:43) which are a variety of terriginous deposit which 
“covers about 15,000,000 square miles of the sea bed; and it chiefly found in 


estuaries, harbours, enclosed seas: and along continental coasts where rivers 
pour their detrital matter into the ocean.” 


According to the “Challenger researches” there {es an abundant 
fauna on these muds, which feeds chiefly on the Organic remarris 
that fall from surface waters, If any analogy can be made hetween 
the ancient terriginous deposits and the more modern onés stich a 
chetnical ‘action as descrihed above might very well have taken 
place. 

Hf the muds on the bottom of the basin contained considerable 
quantities of decomposing organic matter, conditions would favor 
a reduction of the higher oxides of manganese, the evolution of 
much CO, and the consequent formation ‘of the hicarbonate of 
nanganese. The subsequent liberation of the exctss CO, from the 
bicarbonate to form the carbonate and, where oxidizing influences 
are active, the oxidation of this carbonate would complete a series 
Of reactions capable of forming the manganese deposits with which 
we are dealing. It is very probable that these muds contained con: 
siderable quantities of decomposing organic matter and were evoly- 
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ing considerable CO,, According to the “Challenger researches,” 
when a large quantity of carbonic acid was found in oceanic waters 
it was “at the bottom over Blue Muds." The great difficulty m 
this series of reactions i4 to find in nature the conditions which will 
bring about the liberation of the excess CO, from the bicarbonate 
to form the carbonate, such as evaporation, increase of tempera- 
turé, or agitation, If quiet waters are postulated for the formation 
of manganese carbonate it i¢ quite conceivable that either of the 
conilitions such a3 evaporation or an increase of temperature might 
easily be obtained particularly m shoal waters. It is very doubttul, 
however, in the case of agitated waters whether Inboratory condi- 
tions can be simulated in nature, becatise of oxidizing influences 
whereby some oxide of manganese would form more readily than a 
carbonate, After the carbonate had formed there wonld be no 
particular difficulty in conditions being present which would bring 
shout the oxidation of the carbonate because of the presence of 
oxygen. The excess oxide of manganese found in the Newfound- 
land ‘deposit may in part have originated in this way. 

Penrose (20: 563) suggested that “carbonate of lime on the 
sea floor may have acted asa precipitating agent” or as it passes 
through the sea-waters in the form of organic remains or mineral 
particles a substitution takes place-whereby a solution of the caletum 
carbonate with a corresponding precipitation of manganese: occurs. 
Fermor develops this suggestion in his explanation of the origin 
of the deep sea nodules as quoted on page 444. Such an explanation 
might apply to the origin of the primary oxides of the Newfound- 
land deposits. 

It is possible that manganese may have been present in the sea- 
water as a chloride” I. De Launay (5: 533) says that “ manganese 
chloride with sodium bicarbonate produces manganese carbonate." 

When we stop to consider that manganese only averages .07 per 
cent. of the lithosphere (Clark, 2: 32) and is 7o times less abundant 
than iron which averages 4.43 per cent, and compare with these 
figures the percentage of manganese in the deposits under con- 
sideration which is 24.64 we can obtain some idea of the enormous 
concentration there has been in the production of these deposits, 
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We have discussed the nature of the sediments and learned that 
these termginous deposita must have been derived from the ‘pre- 
Cambrian land masses which existed m far greater extent on the 
east and west of the Cambrian sea than the present areas outlined 
on page 373. The imerbedded character of the mangantferous and 
argillaccous layers sigmify alternating conditions of chemical pre- 
cipitation and mechanical deposition, there being, during the fonm- 
tion of the deposits, times when the Cambrian sea-was more man- 
ganiierous with conditions soch that precipitation of manganese 
carbonate and the oxide was the relatively important feature while, 
at other times, mechanical deposition of fine muds was the rule. It 
is more than likely that the greatest portion of the manganese was 
contributed to the sea in the form of the dissolved bicarbonate by 
the streams which transported the clastic sediments and that these 
sediments were not themselves responsilile for ihe major contribu- 
tion, though tndoubtedly the manganese minerals in the muds 
nnderwent some solution both during their transit to the sea bottom 
and during diagenesis. The streams which were responsible for 
the transportation of the sediments of the manganese deposits and 
alto held, as chief contributors of the manganese, dramed the pre- 
Cambrian land areas above referred to: A modern river like the 
Onawa winch drams a pre-Cambrian area consisting in great part 
of Laurentian and Huronian rocks and in all probability not very 
iifferent from the pre-Cambrian rivers of ancient Newfoundland, 
has .86 parts per million of manganese in its waters according to 
an analysis made in 1907 (Shutt, 22: 172), 

Manganese in river water results from the solution of inanganif- 
eros silicates such as. pyroxene, olivine, micas, anmphiboles, epidotes 
and: chlorites, some of which are the common and essential basic 
rock-forming minerals of any igneous and metamorphic pre-Cam- 
brian area. On the decomposition of these elements the manganese 
is converted into carbonate or oxide and enters into solution, when 
conditions are faverable, ay the bicarbonate, in which form it fs 
carried to the sea, unless oxidized in transit, there to await the 
further changes into the oxides, MnO, and Mn... or the carbonate, 
MnCO,, depending upon the conditions suggested in the preceding 
pages, /Analyses of some of the pre-Cambrian rocks in the vicinity 
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of Conception and ‘Trinity Bays may be of interest at this point as 
illustrating the manganese content of some of the rocks which are 
most like those existing during the formation of the deposits: 


: Mink 
Monzonite, Woodford ..-.. oe en ee ope 
Quarte porplyry, Manele . 2.0.2... .0 5.005505 -0 50-40 nas STE 
‘Gonception-sL, Ramilom Us. 5... 00.00 ceeesccenesseeencneess TD 
Geanite,- Mamsels <2. 2512s ci eocnyceeny ees tasbhs deled se aes) 
Aporiyolite, Manuely ....-.---.0.-2020eeenveresrenenen ress 2 
Basalt Bie: Hille: 2... . claves peersese- sen -cceceedeeasae af 

Arialyat, A. FE. Buddieginn, 


Similar analyses have been tnade from the rocks of the Clyde pre- 
Cambrian drainage area and show from .! to .7 of a per cent, of 
MnO. (Murray and Irvine, 19: 722). In all probability then the 
pre-Cambrian rocks on the east-and west of the Cambrian basin 
were the ultimate source of the manganese. 


Sumaary oF Genesis or MANGANESE. 


Ultimate Source of the manganese was the mangancse-bearing 
silicates of pre-Cambrian igneous:and metamorphic rocks cast and 
west of the Cambrian Sea. 

Solution of manganese-bearing ‘silicates and conversion of the 
manganese into the soluble bicarbonate; under favorable conditions 
oxides of manganese resulted from the oxidation of the bicarbonate 
af mangatiese. 

Transportation of the manganese chiefly as the bicarbonate and 
to a les extént as suspendeil particles of oxides by pre-Cambnan 
drainage systems to Cambrian hasins, 

Concentration of the salts of manganese chiefly as the bicar- 
bonate in the sea-water immediately overlying the deposited muds, 

Precipitation of manganese carbonate from solution through 
liberation of CO. from the hicarlonate, or of the oxide, 

Clastic Origin of Some. Manganese-—While the main contritu- 
tion of the manganese came from the pre-t Cambrian drainage area 
in solution undoubtedly the deposited mde supplied a minor 
portion. 
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DIAGENETIC STRUCTURES 


Banpen Steuctures.—By referring to the description of layer 
219 A 7 we see that itis a red manganiferous shale with green and 
brown jaspery bands which may be rather uniform in thickness 
and may alternate with each other. The green band predominates 
over the brown so that the greater alternations occur with the green 
and red bands. Throughott the red shale are numerous nodules 
of the green and brown jaspery carbonate-oxides of nyinganese and 
within. the bands themselves are nodular and conecretionary forms. 
The alternating banded and concretionary forms within. this bed 
would indicate alternating conditions of precipitation followed by 
diagenetic segregational processes which resulted in the formation 
of nodules and lenticles. Very thin and interrupted Jamis of the 
red band are found with the green bands. The green and brown 
bands often occur intergrown with each other, From these ob- 
servations it would seem that these handed structures were evidence 
of alternate periods of precipitation and that they have assumed 
their present indurated and concretionary nature by segregational 
processes which were active throughout the diagenesis of the bed. 

Noputes.—One of the most characteristic features of the shales 
of the Lower Cambrian is the great prevalence of the nodules (Fags. 
t4and 15). The following suggestion is offered as to the origin 
of the form of these nodules with the hope that this line of in- 
vestigation may be taken tp in preater detail at some Future time, 
Though various theories have been suggested for the origin of 
oolitic spherules and nodules, in general, along organic and inor- 
ganic lines, nothing of a very definite nature has been brought out 
as to the origin of their form, The suggestion that surface tension 
may be the cause of this form is hero made. ‘This peculiar ond 
prevalent nodular character of certain beds was brought about in all 
probability by the tendency of surface tension to decrease the sur- 
face during the diagenetic stage Solutions carrying manganese 
filtering through muds or nearly consolidated muds or shales would 
quite naturally under certain chemical and physical conditions have 
the tendency to decrense the surface tension at the contact of the 
three physical phases; liquid, colloid, and solid. Starting with a 
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minéral particle such ‘as rhodochrosite or calcite as a nucleus, with 
the formation of the nodule, there will he a decrease in the concen- 
tration of the solution at the contact with the nodule which will be 
accompanied by a reduction of strface tension. If we are dealing 
with a liquid-liquid phase we would have a spherical nodule in which 
case both liquids would be easily deformable and the surtace would 
tend to become a minimum. Our twofold phase, liquid-solid, or 
threefold phase including the colloidal phase which probably plays a 
part, only allows of deformability on the part of the liquid and 
partial deformability on the part of the nodule, Under the bedded 
conditions of this two or three fold solution, collow and solid 
phase the tendency of the surface tension to reduce the surface to 
a minimum is well exemplified in the discordal nodule, 

SpHeruies:—One of the characteristic features of this deposit 
is the occurrence of hematite in spherule-like forms and larger, 
roughly spherical aggregates. Fig. 26 illustrates the occurrence, 
They differ decidedly from the spherules of the Wabana, Clinton, 
and other typical odlitic jron ores in that they are less symmetrical 
and are without any visible nuclei, These spherules are here de- 
scribed as incipient in os much as they seen: to lack full develop- 
trent or to have been impeded in their growth, Such a retardation 
of development might have arisen from their growth in claycy sedi- 
ments which were still mnconsolidated. 

Munekat. Assoctations —The three important mineral associa- 
ciations of the manganese deposits of S. E. Newfounilland are 
barite, tri-calciumi phosphate and hematite which will now be con- 
sidered with reference to their occurrence, association and genesis. 

BRaurre.—Barite is ote of the most characteristic mineral asso- 
ciations of the deposits under consideration:as is often the case with 
manganese deposits esewhere in the world. It 1s particularly char- 
acteristic of the Manuels, Topsail an Smith Pomt localities and 
Occurs in variaus wars. 

Barite is found in small veins crossing a cryptozoan nodule 
showing quite clearly its epigenetic character 50 far as that par- 
ticular portion of the hed ts concerned, Fig. 23 (Slide 276) shows 
4 solitary crystal fragment of barite In a carbonate-oxide of man- 
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ganese groundmass showmg possibly a diagenetic replacement. 
Barite also occurs as disseminated anhedral crystal grains or blades 
In the cores and outer zones of nodules ut Mantels, which is very 
siggestive Of diagenetic processes (Fig. 16, Slide 288). At Topsail 
(Fig. 31, Slide 269) barite occurs as bundles of blades or cheath- 
like aggregates ina manganese oxide groundmase stromply suppest- 
ig repilacerient. 

In other parts of the world barium is often found replacing man- 
ganese in psilomelane and sometimes enters largely into ‘the com- 
position of wad, specimens from Ronmuanéche containing as much as 
162 per cent, of BaO (Dana, 3-268). A very striking phenomenon 
shown by the barite is its replacement by chlorite (Fig. 12, Slide 
296, and Mig. 34, Slide 272). 

Just why there is this common association of two: very trilike 
elenients we have no definite information, De Lannay (4: 52) 
gives the following explanation for epigenetic deposits - 


“The association between harite and mattganese though very frequently 
extubited in surface formations, if many Cites these two substances are being 
comcentrated by circulating waters jm pockets or isures of terranes,” 


Various conditions may produce barite with iairtum ‘salte in 
solution but only one seems.to apply to the occurrences under cott- 
sideration, As there are evidences of diagenetically and epigenetic 
“liv formed barite in the deposits, it is quite possihle that there has 
been an intermingling of solutions carrying barium carbonate. and 
some sulphate resulting in the formation of lerite. According 19 
De Launay (4: 52) 

"Barite bein: remarkably insoluble ia one of (hine barium compounds 
wehich not only has the propensity-to. segreate and ill wt onee tO he tran 
formed into the carbonate bitt als the tendency under the influinee of H.SO, 
produced by the superticial oxidation of the metallic rulphides to pass into 
the state of harite.” 

The replacement of the colorless barite by the pate green chlorite 
begins aboint the edges anil along cleavage cracks of the former. 
The chlorite gradually spreads while the intervening portions of 
harite decrease until wholly eliminated, resulting ina pseudomorph 
of chlorite after barite, In general appearance of its various wae’, 
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the process is quite like the serpentinization of olivine but differs 
essentially fron: the latter alteration in the fact that the secondary 
mineral. chlorite, derives none of its material from the original 
iineral, harite, its change involving a complete replacement) by 
wholly new material. It 1s marked example of the comparative 
ewse with which substances which, like barium sulphate are regarded 
in the laboratory as very stable, yield to the attack of matural 
reagents. 

This replacement seemts to have accompanied a more or fess 
general chloritization of the whole formation, at a period long sub- 
sequent ta the concentration of the manganese ore and under totally 
different conditions. 

Puosrate.—Tr-calcium phosphate, Ca,(PO,), also is a very 
conspicuous accessory of the manganese deposits of Newfoundland, 
averaging, for those heds of which analyses were made, about 6.0 
per cent. and for the phosphatic nodules of the nodular bed over- 
lying the manganese zone at Manucls, 38.77 per cem. When we 
stop to consider the amount of phosphors in the lithosphere gs 11 
per cent, (Clark, 2: 32) the amount of concentration in these 
deposits, particularly in the nodules, becomes very noticeable aur 
something of great interest, The sinmlarity in chemical composi- 
ton ef the phosphatic nodules of Manuels brook and those of Han- 
fon} brook, N. G., has been referred to on page 409, As the writer 
hus been tmable to make as thorough a study of these nodules as he 
would have tiked, it is hoped that at-some future time the investiga- 
tion may be continued, At this time then a very brief resume of 
the modes of concentration of phosphoras may be of interest he- 
cause of apparent application to the deposit under consideration: 

According to De Launay (5: 646) there: are three stages in the 
concentration of phosphatic deposits, namely solution of ealeium 
phosphate, in which he considers that in surface conditions 


“the constant presence of carbonic acid and sodium chloride or chlorhydrate 
‘of ammoniacin the waters determines the eolntion of phosplate.” 


The second stage is that m which organisms play an important mle. 
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“The faculty which live organienss have of throwing into very dilute solu- 
tions those substances which to them are necessary and of making them 
underge a primary stage of concentration hae played a great file for the 
phosphates.” De Lammay (5: Gat). 


The third stage called by De Launay, “ Remises en mouvement” 
consists in a dissolution of the phosphate contained in preceding 
deposits which is followed by a reprecipitation of the same upon 
anything which has served as a center of attraction, The tendency 
in this mode of concentration is for the phosphate to become more 
and more like the original apatite in composition, the ultimate enirce 
of the phosphorus. It involves both a chemical and pa mechanical 
action, the former in dissolution and reprecipitatinn and the latter 
in the formation of nodules which, according to ihe suggestion of 
the writer in Connection with the manganese nodules of Manuels. 
may be of physical nature, namely the. result of surface tension. 

Taonx.—An- interesting, and yet problematical, point arises Here 
in connection with the association and separation of iron and man- 
gancse as related to the manganese deposit under consideration, 
We should expect, in as much as both elements are taken into solt- 
tion, that they both might be precipitated together as is sometimes 
the case with bog ores or, if separated, at no great stratigraphic 
distance. Because of their different rates of oxidation and dif- 
ferent degrees of solubility, however, a eepiiration is effected. As- 
suming both elements entering into solttion contemporancously, the 
iron would oxidize first, precipitating as FeO) while the nanpanese, 
remaining in solution longer, js precipitated either as MnO,, Mn,O, 
or MnCQ),. Though the Newfoundland manganese deposits con- 
fain iron, it is much less in proportion to what it would be if both 
were precipitated together (see Analyses, p. 438) considering the 
felative abundance of the two elements in the lithosphere referred 
La On paige p47. 
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AUGUST WEISMANN. 


Soar cinilier {T, lhe Cun Acoso & 1914 


AUGUST WEISMANN. 
Proare A. 
(Read Junnary 2, 113) 


August Weismann, foreign member of this Soctety, was born 
at Frankfort on the Mam, Janweary 17, 1834. and died at Freiburg 
in Breisgau. November G, 1914. He early showed the traits of a 
naturalist and in one of his books apenks of the excitement he felt 
as a hoy in catching butterflies. He attended the University of 
Giattingen, where he studied chemistry and medicine, coming espe- 
cially under the instruction of the distingnished anatomist Henle, 
‘and reeetving the degree of M.D. in 1856. After speniing three 
years at Rostock a5 an assistant he began the practice of medicine 
‘at Frankfort anil during this time he visited Vienna in 1858. Traly 
in 1859 and Paris in 1860, From c861 to 1862 he was private 
physician to Archduke Stephan of Austria at Schamburg: Palace 
He then studied zoGtogy at Giessen ander the renowned zoologist 
Leuckart and became privat-dorent in zodlogy at the University of 
Freilurg in 1863, where he spent the remainder of his life. In 1866 
he was appointed professor extraurdinarins and a few years later 
became professor ordinarins, which position be continued to hold 
until a few vears before his death, when he was made professor 
emeritis, 

In person he was.a man of striking appearance, being about. six 
fee! tall and well proportioned and laving 2 fine head and face 
and an earnest but kind expression of the eves. From 1864 to izq 
and again from 1884 on he suffered from an eye trouble which t- 
terfered greatly with his microscopical work and turned his atten- 
tion to theoretical questions, One of his former students and os- 
sistants, Professor Alexander Penmkewiteh,’ to whom Tana in 
debted for much valuable information concerning his personality, 

1 am also indebted to Prof. H. H. Wilder, of Smith College, and 


Prof. J. & Kingailey, of the University of [llnoty, for Information regardiuig 
the family life and personality of Wehiician 
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says that although he was wsually quiet in manner he invariably 
became nervous and unhappy in the presence of moving objects, 
which painfully affected his eyes, 

A short autobiography published in Lamp in 1903 gives a glimpse 
of his family life: 


“During the ten years (186g-1874) of enforce) imoctivity and res 
occurred my marriage to Fraulein Mune Grober, who became the mother of 
my children and wae my true companion for Iwenty years pniil ber theath. 
Of ter now | think only with love and gratitude. She was the one who more 
than any one else helped me through the gloom of this period. She read 
fuch to me at-this time, for she read oloud exeellentty, and ghe nor only 
took an interest in my theoretical and experimental work but she aleo gare 
practical assistance it) it"? 

His great work on the “ Natural History of the Daphnoides” 
(187-79) 1s dedicated to “My father-in-law, Adolph Gruber, in 
thankful nyemory of the beautiful hours of leisure spent on the 
shores. of Bodensee.” His colleague, the amitomist Wiedersheim, 
marned another daughter of Gruber who was-a Grenoese banker, 
After the death of fis first wife Weismann married again when 
alwut sixty years old, but not happily. One of his daughters. mar- 
ried the zodlogist W. N. Parker, who translated into English his 
best known work “The Germ Plasm.” <A son was trained a5 2 
professional violinist. 

Weismann, like so many other naturolists, was of an-artistic dis- 
position, He loved nature, art and miisic and he was an ddcom- 
plished pianist. During the periods when he sufiered much from 
his eye trouble he says that he “found solace in playing a good deal 
of music.” He was an enthnisiastic admirer of Beethoven bul 
could not appreciate Wagner, His artistic temperament is further 
shown im many of his essays which for beauty of expression are 
rarely surpassed in scientific literature. 

fle waa an excellent speaker, being simple and cartest in maniter 
anil never indulging in jokes. His lectures on evolution, which were 
delivered regularly for almost forty years, were famous and always 
attracted great audiences, As a teacher of advanced students he 
wae Stimulating and helpful, a kind critic and an attentive listener, 

He took no active part in polities, but like many German pro- 

* Quoted from Locy’s “ Biology and. its: Makers.” . 401: 
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fessors was a member of the “ National Liberal” party. In phi- 
Wweophy he held tenaciously to a mechanistic conception of nature, 
bist he believed that extreme mechanisin was consistent with extreme 
telealogy, indeed he beld that “ The most complete mechanism cot- 
ecivabile is likewise the most complete teleology concetvable. Witt 
this conception vanish all apprehensions that the new views of evo- 
lution would cause man to lose the best that he possesses—morality 
and purely human exiture” In lis philosophy as in his sctentifie 
controversies he was extremely tolerant. He was interested in the 
promotion of knowledge but was not aggressive nor offensive in 


manner, 

Inasmuch as his life was so largely given to the extension and 
suppart of the Darwinian theory it is interesting to hear from him- 
self how that theory first came to jus sattention, After remarking, 
“! never heard evolution referred to in my student days,” he de- 
scribes the influence on himself of Darwin's hook in these words: 

“| myself was at the time in the stage of metarnorpbosis fram a physician 
to a godlogiat, antl as far as philosophical views of mature were concerned | 
wos a Wank sheet of paper, a fuluila rosa. | read the book [" Ongm of 
Spectes "| first in TS at acstngle prttme (sie) and with ever growing en 
thusinsm. When | had finished I stood firm on the basis of the evolution 
theary, and | have tever geen reason te forsake (1. 

With just pride he mentions the fact that he was one of the first 
scientific men in Germany to defend publicly Darwin's theory ; Fritz 

Mailer was the first to publish a work Mm favor of that theory (" Fur 
Darwin,” 1844), Haeckel was the sccond (Generelle Morpho- 
lozic,” 1866) and Weismann was the third, his Inatigurnal Address 
at Freiburg on the “ Justification of the Darwinian Theory " C' Qher 
die Berechtigung der Darwin'schen Theorie") being published im 
(S68. 

Thereafter his contributions to the Darwinian theory were 
numerous and important. They appeared from 1572 to 1902 as.a 
series of books and contributions, Five of these earlier contribu- 
tioms were trarisiated inte English by R. Meldola and were published 
as two large volumes in 1882 with an introduction by Charles Dar- 
win, Subsequent 'studies on evolution were so intimately associated 
with his theories of heredity that they can best be considered under 
that tome. 
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Weismann’s contributions to biological theory were so extensive 
and important that they overshadow to a great extent his observa- 
Honal and experimental work, and yet the latter was by no means 
small or unimportant. Among these observaticanal and expertmental 
stidies must be mentioned especially his extensive works on "The 
Development of Diptera (1865)," “Natural History of the Daph- 
nonlea ” (1876-79), Origin of the Sex Cell2 of the Flyiiromedusae 
(1883)," “Seasonal Dimorphism of Butterflies” (1875), “Origin 
of Markings of Caterpillars” (1876) and “ Transformation of the 
Mexican Axolotl into Amblystoma.” 

Some of hig earlier work was done without assistance, but m all 
of bis later observational and expertinental studies be had the as- 
sistance of his wife or other helpers. Much of his work was done 
in collaboration with some of his-students or assistants, His method 
of work was toa large extent forced wow hit by his eye affliction. 
After 1864 all readmg had to he done for him, at first by his wife 
and after her death by a secretary. Experimental work was done 
under his supervision by hie assistant anid janitor. All microscopic 
work was done by his pupils, to whom he suggested topics and 
whose work he supervised daily., These theses were always in 
direct relation to his theories and to that phase of them which in- 
terested hint most at the moment, 

But valuable as much of his observational amd experimental 
owork was, there is no doubt that he will be remembered chiefly for 
his theories of heredity, His. earliest writings on this subject. dlate 
from the year 1883 and his latest were published but a jew years 
before his death. His “Essays. upon Heredity and Kiniired Bio- 
logical Topics" were translated into English and published: in two 
volumes in TR&p and 1892, Probably his most important work on 
this subject is his book entitled “The Germ-Plasm, A Theory of 
Heredity” witch was published in English in 1893, Subseqtient. 
Works —..10ci edlity are “Cin Crerminal Selectian " (1896) and " Vor- 
trage fiker Descendenztheorie” (rgoz). This: fast-named work, 
which was published in: Engiish under the title “The Evolution 
Theory” (1904), consists of a summary and an expansion of many 
of his previous writings on the subjects of evolution and heredity: 
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indecd as he says m the preface of this book, tt is.“a mirrer of the 
course of my own intellectual evolution.” 

Without attempting to amilyze these different books, which 
would require tore time and space than: is here available. we may 
proceed af once to a sunimary of fis more important contributions 
to the theories of evolution and heredity. 

All his theories, both of heredity and evolution, center in what 
he called the “germ-plasm," that particular part of the germcells 
winch serves to carry over from generation to peticration the in- 
heritante factors, This germ-plasmy was held by Weismann: to be 
ahsohitely. continwous. trom. the present generation back to the 
earliest generations of living things: it was absolutely distinct from 
the somatoplasm of the tiedy and the latter could never become 
germ-plasm; it was almost perfectly stable undergoing: practically 
no changes except stich as came from the mixing of different kinds 
of germ-plaam (amphimixis) in sexual reproduction. 

These views as to the mature of the germ-plasm underwent 
some modification as the result of criticism. Weismann was forced 
to admit that the distinctness and stability of the germ-plasm were 
‘not absolute, but in spite of all criticism he was able to maintain: 
that the germ-plasm was relatively very distinct from other plasms 
anil very stable in organization an! this is now admitted by all 
persons acquainted with the subject. 

His views as to the separateness of somatoplasm and germ- 
plasm, of body cells and germ cells, and the mortality of the former 
and potential minortality of the Intter, led hint to regard organisms 
in which this distinction does not extst (many protozon and prote- 
phyta) as potentially immortal, With a keenness- of maight 
which wise not appreciated at the time but which has been! con- 
firmed by recent work he reasoned that “conjugation like food and 
oxygen may be conditions of life but tmumortality does not rest on the 
magic of conjugation any more than on food or oxygen.” Again 
he anticipated! the most recent opinions when he held that theath ts 
not a Hecessary correlative of life, but rather the result of higher 
differentiation, In short, as Minot sail, “Death is the price we 
pay for our differentiation.” On the other hand, his attempt ito 
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explain the origin of death ns an adaptation due to selection was 
probably a mistaken one. 

As to the location of the germ-plasm in the sex cells Weismann 
maintained thar it was to be found in the chromatic substance of 
the muclens. He held that the chromosomes (“jidants") were 
composed of smaller units, the chromomeres (“ids ), ond that the 
latter were composed of “ determinants" of inheritance units, while 
the most elementary units of life he called “biophores.” Both 
chromosomes and chromomeres are visthle structures of the cell. 
Determinants and tiophores are ultra-microscopic in size tut re- 
eent work on heredity and development has shown that there is 
good evidence-of the existence of such umits. All recent work in 
genetics 1s based upon the hypothesis that there are uniis-or factors 
or determiners in.gerta cells which condition the development of 
adult characters, and though there may be minor differences: be 
tween these determiners of modern genetics anid the determinants 
of Weismann nv one can fail to note the genetic connection and the 
Family resemblance between the two. 

His prediction on purely a priori grounds that one of the 
maturation divisions m the formation of the egg and sperm should 
be a “reduction division” whereby the chromosame: of the sex 
cells should he reduced to half the number present in the somatic 
cells, whereas all other cell divisions should be “ equation divisions” 
in which the chromosomes should divide equally, was alniwst as 
brilliant an example of scientific prophecy as was the prediction of 
the existence of the planet Neptune. 

Similarly Weismann's assumption that the determinants are are 
ranged ina linear series in the chromosomes finds strong support in 
the newest anil most striking discoveries in this field, in which 
Morgan is able to locate at different points dlong the length of a 
chromosome the determmers of mary developed characters, 

Finally there 1s at present amiversal agreetieut to the declara- 
tion of Weismann that no purely epigenetic theory of heredity 
is possible, though for many years even this was hoth contested. 
When one recalls the storm of opposition which was called forth 
by his book on " The Germ-Plise” the present aocepiance, at lenst 
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in principle, of his major propositions cannot be viewed in any other 
light than as a triumph for his theory and a tribute to the instznt,. 
foresight and constructive ability of Weismann. 

As a result of his theory of heredity Weismann was led to in- 
vestigate the generally accepted doctrine of the mheritance of ac- 
quired characters. He carried on extensive experiments in order 
to learn whether mutilations of parents through many generations 
were ever inherited by offspring; he investigated many supposed 
cases-of the inheritance of such characters, and as a result of this 
work he was led to deny altogether the possibility of the inher- 
tance of acquired characters, and he challenged the world to fur- 
nish any satisfactory proof of such inheritance. This work of 
Weismann's called forth a tremendous amount of discussion and a 
relatively stnall amount of direet observation and experiment, and 
for several years it appeared as if no progress whatever was being 
made toward the solution of this great question,-so full of im- 
portance, not merely for the biologist but also for the practical 
breeder and indeed for the human race. But gradually there has 
grown np o clearer understanding of the problem and of what 1s 
meant by “inherited” and “acquired " characters, and gradually 
this dead-lock of opinions is breaking up, Now we recognize that 
inherited characters are those whose distinctive or differential causes 
are in the germ cells, while acquired characters are those whose 
differential causes aré environmental, No one today believes that 
the developed or somatic characters of an organism are transmitted 
to the next generation. Today the problem of the inheritance of 
acquired characters is merely this: Can changes in the environment 
change the constitution of the germ-plasm so 2s to produce changes 
in subsequent generations? No one vow asks whether changes 
in developed characters may bé transmitted to descendants, as was 
getierally done before Weismann’s. work, for it Is generally recog- 
nized that somati¢ characters whether inherited or acquired are 
not transmitted from generation to generation, the only thing which 
is transmitted being the-germ-plasm. Weismann admitted in-his 
later writings that the germ-plasm might be modified to a. limited: 
extent by certain environmental conditions, but he held that such 
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chatiges of the germ-plasm led to general and unpredictable changes 
in future generations which might be wholly different from those 
somatic changes in the parents which were directly produced by such 
environment. This view is now widely accepted. 

Thus while Weiamann’s views on this subject underwent ¢er- 
tain changes im the course of his long life, the opinions of his 
opponents have undergone so much greater and more important 
changes thet tt may be truly said that in the matter of the mbieri- 
tance-or non-inheritance of acquired characters the greater portion 
of the scientific world has come to Weismann's position. 

Finally mention nist be made of Weismann's theory of evolu- 
ion which was a direct outgrowth of his theory of heredity. He 
maintained that evolution must depend upon an evolution of the 
germplasm ani that this was brought about chiefly, if not entirely, 
by the mixture of different kinds of germ-plasims (amphimixis) in 
the union of the sex cells, There is no doubt that many variations 
are produced by amphimixis but in general these combinations of 
perm-piasims are not actual fusions: new combinations of inheri- 
trance units-are produced but not new units, and usually these ew 
combinations split typ in subsequent generations according to Men- 
delian rules, so that:such temporary combinations of different germ- 
plasms do not usually lead to permanent modification, or to evolu- 
ion, of the germ-plasm. On the other hand it is probable 
that Weismann underestimated the possible influence of environ- 
ment in producing changes in the germ-plasm and hence its: in 
Auence on evolution: at least it does not seem possille at present 
to explain the origin of many inherited mutations except by the 
influence. of changed environment upon the (developing genm cells. 

In his belief in Natural Selection Wesmann out~Darwined 
Darwin or any of the Darwinians. Darwin dealt only with the 
survival of individuals or races in the struggle for existence and 
was always inclined to assign a ood deal of Weight to the influence 
of environment in pretucing new races: Weismann would ‘not 
admit the existence of any other factor of evolution than selection 
and fe extended this principle from individuals or persons tr per- 
sonal selection") to organs and.tissues (“histonal selection ") and 
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even to germinal units stich as determinants and biophores ("ger- 
minal selection”). By means of an assumed struggle for outri- 
mient between different determinants he believed that the weaker 
ones would tend ( grow still weaker and to disappear while the 
stronger ones would increase in strength until they reached such 
importance that they were checked, or increased, by personal selec- 
tion, And by a similar struggle between different biophores he 
showed that the qualify of a determmant would be changed, By 
means of this highly ingenious Wut purely formal and hypothetical 
system he was able to explain the degeneration and. disappearance 
of useless parts of an organism and the concordant modification 
of many different parts in the course of evolution, 

Of all his theories those which grew out of bis belief in the 
“Omnipotence of Selection” have found teast confirmation in sub- 
sequent work. The Mutation Theory of deVries has come in to 
modify in certain important respects the theory of Darwin, and the 
work of Johannsen, Jennings, Pearl.and others has shown that even 
“ personal selection" has little of no influence im crealiny new types. 
And yet we have not seen the end of the selection doctrine. The 
elimination of the unfit is still the only natural means of account- 
ing for fitness in organisms and we may well ponder these words of 
Weismann in the preface of his last book = 

* Although f may have erred in many single questions which the future 
will have to determine, in the foundation of my ideas | have certainly not 
erred. The selection principle controls in fact all categories of life units. 
lt doeé not create the primary Variations Iwt it does determine the paths 
of developmerit which these follaw from beginning to end, and therewith. all 
differentiations, all advances of organization and finally the general course 
of development of organisme on our earth, for everything in the living world 
reitd on adaptation,” 

Clear thinking is necessary in the advance of science-as well as 
fine technique and Weismann has demonstrated to a more or less 
scornful world the importance of brains as well as of hands and 
eyes in the discovery of truth. It does not fall to the lot of any 
man to make no mistakes, and in this respect Wetsmann was only 
himan. But it has fallen to the lot of few men to do so much 
work of lasting value and to have so profound an influence on his 
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day and generation as was true of August Weismann. The spirit 
of his life and work may be summed up in the beautiful words 
with which he closes his essay on“ Life and Death": “ After all it 
is the quest after perfected truth, not its possession, that falls to our 
lot, that gladdens us, fills up the measure of our life, nay! 
hallows it.” 
Enwis G. ConkLr. 
Parcetox University, 
January, 1015. 


MINUTES 





1008 | MINUTES. ia 


MINUTES. 
Stated Meeting Janwary r, rors. 
Wittam W. Kees, MD, LL.D... President, in the Chair. 


The decease was announced of Charles Martin Hall, A-M,, 
LL-D., of Niagara Falls, at Daytona, Florida, on December 37, 
194; wt. ST. 

Prof. Edwin G. Conklin read an obituary notice of Prot. August 
Weismann. | 

Prof. William B, Scott read a paper on “ The Isthmus of Panamia 
in its Relation to the Animals of North and South Amenca.” 

The Judges of the Annual Election of Officers and Councillors, 
held on this day between the hours of two and five in the afternoon, 
reported that the following named members were elected to be the 
Officers for the ensuring year, according to the Laws, Regulations 
and Ordinances of the Society. 


President. 
William W. Keen. 


Vice-Presidents, 
William B. Scott, 
Albert A. Michelson, 
Edward C. Pickering. 


Secretaries. 
J, Minis Hays, 
Arthur W. Goodspeed, 
Amos P. Brown, 
Harry F. Keller. 
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Charles L.. Doolittle, 
William P. Wilson, 
Leslie W.. Miller. 


Treasurer, 


Henry La Barre Jayne. 


Councilors. 

(To serve for three years.) 
Theodore W.. Richards, 
Robert A. Harper, 
edwin G, Conklin, 


Special Meeting January rg, 1075. 
Wiitam W. Keex, M.D., LL.D, President, in the Chair, 


Dr. J. C. Bose, of Caleutts, read a paper on. “The Control of 
Nervous Impulse in Plant and Animal.” 


Stated Meeting February 5, 1674, 
Wituiam W. Kees, M.D. LID., President, ia the Chair. 


An invitation was received from the University of North Caro- 
lina to be represented at the Inaupuration of Edward Kidder 
Graham, #5 President, at Chapel Hill, om the twenty-first of April. 

Avletter was received from Prof, Allen C. ‘Thomas. presenting 
his resignation of membership: 

The decease was announced of the following members: 

Benjamin Sharp, M.D. at Moorehead, N.C, on January 2a, 
TOTS; wet. 57: 

Cyrus Fogg Brackett, AB. L1.D., at Princeton on January 
29, 1915; wt. 82. 

The following papers were read: 

“The Surgery of the Civil War as Contrasted with the Surgery 
of the Present European War,” by W. W, Keen, M.D, 
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“The Antediluvian Patriarchs on a Tablet from Nippur,” by 
George A. Barton, Ph.D., which was discussed by Protessor 
Learned and Mrs. Stevenson, 


Stated Meeting March 5, 1014. 
Wirtrame W. Krew, M.D., LL.D., President, in the Chair. 


Dr. David Jayne Hill, elected to membership in 1910, subseribed 
the Lawes and was admitted into the Society. 
Letters were received: 

From the President appoirtting Prof. W. LeConte Stevens to 
represent the Society at the inauguration of Edward Kidder 
Graham, as President of the University of North Carolma. 

From Prof. W. LeConte Stevens, accepting the appointment. 

The decease of the following members was announced: 

Arthur vonAuwers, at Berlin on January 24, 1915. 

James Geikie, LL_D., D.C.L., at Edinburgh, on March 2, 1915; 
wk. 75. 

The following papers were read : 

“The Swedes, Governor Printz, and the Beginning of Pennsyl- 
vania,” by Thomas Willing Balch. 

“4 Missing Chapter in International History,” by Hon. David 
Jayne Fill, which was discussed by Mr. Carson, Prot; 
Learned, and Mr, Rosengarten. 


Stated Meeting April 9, 1915. 
Winnyamt W. Keen, M:D., LL.D.,, President, in the Chair. 


An invitation was received from the Trustees and Faculty of 
Allegheny College, to be represented at the celebration of the One 
Hundredth Anniversary of the founding of the College, to be held 
at Meadville, Y's., in the week beginning the twentieth of June, 1915. 

The decease of the following members was announced: 

Charles Francis Adams, LL.D., at Washington on March 20, 

rgts; wt. Bo. 
Frederick Winslow Taylor, M.E., at Philadelphia on March 
21, 1915; mt. 59. 
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David K.- Tuttle, Ph.D., at Philadelphia on April 7, 1915; at. 
Prof. Charles C, Bass read a paper on “ Some Important Factors 
whith Influence Asexual Reproduction of Malaria Plasmodia in 
Man," which was discussed by Dr. Tyson, Dr. Henry Skinner, Dr. 
McFarland, and Dr Keen. 


Stated General Meeting April 22, 23, and 34, 107s. 
Thursday, April 22, 1074. 


Atmmrr A. Micneison, Ph.D. ScD. LL.D, F.RS., 
Vice-President, in the Chair, 


Prof, Eliakim H. Moore, elected to membership m 1905, and 
Prof. Robert Anilrews Millikan, elected to membership in. 1914, 
having subscribed the Laws, were admitted into the Society. 

The following papers were read: 

“Deviees for Facilitating the Analysis of Observations—More 
Particularly those of the Tides,” by Ernest W. Brown, Se.D., 
Professor of Mathematics, Yale University. | 

“On Linear Integral Equations in General. Analysis,” by 
Efiakim H. Moore, PhD., Sc.D., LLD., Head of Depart- 
ment of Mathematics, University of Chicago. 

“A Direct Solution of Fredholm’s Equation with Analytic 
Kernel," by Preston A. Lambert, Professor of Mathematics, 
Lehigh University, Bethlehem, Pa, 

“The Existence of & Sub-Electran?” by Robert A, Millikan, 
Ph.D, Professor of Physics, University of Chicago, which 
was discussed by Frof. Michelson, | 

“Local Disturbances in 4. Magnetic Field,” by Francis E. 
Nipher, A.M., LELD., Professor of Physics, Washington 
University, St. Louis: 

“Explorations over the Surface of Telephonic Diaphragms 
Vibrating under Simple Impressed Sounds,” by A. E. 
Kennelly, S.D,, A.M, Professor of Electrical Engineering, 
Harvard University and H. O. Taylor, of Cambridge 
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“The Hall and Corhino Effects," by Edwin Plimpton Adams, 
Professor of Physics, Princeton University. (Introduced by 
Prof, Magie.) 

“Spontaneous Generation of Heat in Recently Hardened Steel,” 
by Charles Francis Brush, PhD,, Sc.D., LLD., of Cleveland. 

"Ruling and Performance of a Ten Inch Diffraction Grating,” 
by A. A. Michelson, PhD., Sc-D., LL.D. Head of Depart- 
ment of Physics, University of Chicago. 


Friday, April 23. 
Morning Session—9.29 o'clock. 
Wiruas W. Kees, M-D., LL.D, President, in the Chair. 


The following papers were read: 

“Heredity in Protozoa,” by M. H. Jacobs, Ph.D., Assistant 
Professor of Zoclogy, University of Pennsylvania. (Tntro- 
duced by Prof. McClung.) 

“The Constitution of the Hereditary Material,” by T. HH. 
Morgan, Ph.D,, Professor of Experimental Zoology, Colum- 
bia University, New York. (Introduced by Prof. E. G. 
Conklin.) Disenssed by Prof. Conklin. 

“The Problem of Adaptation as Mlustrated by the Fur Seals of 
the Pribilof Islands (illustrated by lantern slides), by George 
H. Parker, ScD,,. Professor of Zoology, Harvard University. 
Discussed by Professors Conklin and Cattell. 

ii An Interpretation ot Stenility inl Hybrids,” by Edward M. 
East, PliD., Professor of Experimental Plant Morphology, 
Harvard University. (Introduced by Prof. Bradley Moore 
Davis.) 

“Ticterosis and the Effects of Inbreeding,” by George H. 
Shull, Ph.D,, Botanical Investigator, Station for Experi- 
mental Evolution, Carnegie Institution, (Introduced ‘by. 
Proj. Bradley M. Davis.) 

“The Significance of Sterility in GEnothera,” by Bradley M. 
Davis, Ph.D., Professor of Botany, Lintversity of Penn- 
sylvanii. 
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“The preceding three papers were discussed by Prof. Parker. 

“Morphology and Development of Agaricus roidimani,” by 
George F, Atkinson, Ph.D,, Head of Department of Botany, 
Cornell University. 

“The Large-fruited American Oaks,” hy William Trelease. 
se.D,, LID, Professor of Botany, University of Mlinois, 
Urbatin. 

“ Relationships of the White Oaks of Eastern North America,” 
by M. V. Cobh. (Introduced by Prof, Trelease.) 

"The Present Need in Systematic Botany," by L, H. Bailey, 
LLD,, late Director of the College of Agriculture, Cornell 
University, 

Afternoon Session—z o'clock: 
Witttam W. Keen, M.D. LL.D., President, in the Chair, 
The foliowmg papers were read : 

“A Convenient Form of Receiver for Fractional Distillations 
under Dinunished Pressure."" hy Marston T. Bogert, LL-D. 
Professor of Chemistry, Columbia University, New York. 

“The Cymene Carboxylic Acids,” by J. R. Tuttle and Marston 
T. Bogert, of Columbia University, New Yorte. 

“Syrtingic Acid and its Derivatives,” by E, Plant and Marston 
T. Bogert, of Columbia University, New York. 

The ‘three preceding papers were discussed by Profs. Keller 

an Scott. 

“The Relation of Ductless Glands to Dentition and Ossificn- 
tion,” by William J. Gies, PhD)., Professor of Biological 
Chenustry, Columbia University. (Introduced by Prof, 
Harty F. Keller.) 

“ Gastro-Intestinal Studies," by Philip B. Hawk, PhD. Pro- 
fessor of Physiological Chemistry and Toxicology, Jefferson 
Medical College, Philadelphia. (Introduced hy Dr. W. W,. 
Keen.) Discussed by Prof. Seott. 

“On the Rate of Evaporation of Ether from Oils and its Ap- 
plication in Oil-Ether Colonie Anwsthesia,’ by Charles 
Baskerville, Ph.D., Professor of (Chennstry, College of the 
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City of New York. (Introduced by Prof. J. P, Reniington,) 
Discussed by Profs. Scott and Remington. 

*On Oral Endamebiosis,” by Allen J. Smith, M.D., Sc.D. 
Ll D., Professor of Pathology, University of Pennsylvania. 
Discussed by Prof. Bogert. 

“ Certain Factors Conditioning Nervous Responses," hy Stewart 
Paton, M.D. Lecturer in Biology, Princeton University. 
Discussed by Profs. Donaldson and Scott. 

= The Rights and. Obligations as.to Neutralized Territory,” by 

ne Tower, LLD., of Philadelphia, 

. Piryaicgrantic Features as a Factor in the European War,” 
hy Douglas W. Johnson, Ph.D., Associate Professor of Phys- 
iography, Colunihia University. (Introduced by Mr. Henry 
G. Bryant.) 

“The Pronouns and Verbs in Sumerian,” by J. Dyneley Prince, 
PhD... Professor of Semitic Languages, Columbia University, 
New York. (Read by titlh.) 

“A New Form of Nephelometer,” by J.T. W. Marshall, Harri- 
man Research Laboratory, Roosevelt Hospital, New York. 

Dr. Stewart Paton a newly-elected member and the Hon. Simeon 

FE, Baldwin, elected to membership in 1oro, subseribed the Laws 

and were admitted into the Society. 





Friday Eventng—3.r5 o'clock. 

William Morris Davis, ScD, Ph.D, Professor Ementus. of 
Geology, Harvard University, gave an illustrated lecture, “On 
New. fevidence for Darwin's Theory of Coral Reefs." A statement 
of the chicf results of a Shaler Memorial Voyage across the Pacihe 
in tor4, with Studies of the Fiji Group. New Caledonia, the Loyalty 
Idlands, the New Hebrides, the Great Barrier Reef of Australia andl 
the Society Islands. 

Saturday, April 24. 
Executive Session—o.z0 AM. 
Writam W. Keex, M.1., LL.D. President, in the Chair. 


Pending nominations for membership were read) and spoken tn.. 
Dr. L.A. Baner and Secretary Brown were appointed tellers of 
election and the Society proceeded to ballot for members. 


Ps MINUTES. April s3-a4, 


The tellers reported that the following nominees had been elected 
to membership: 

Residents of the United States. 
John J. Abel, MOD., Baltimore, Md. 
Edwin Plimpton Adams, Ph.D., Princeton, N. J. 
Walter Sydney Adams, Pasadena, Cal. 
Jolin Merle Coulter, Ph.D. Chicago, Hl. 
Whitman Cross, Ph.D., Washington, D, C, 
William J. Gies, M.D.. New York City. 
Philip Bovier Hawk, Ph.D,, Philadelphia. 
John Fillmore Hayford, Evanston, III. 
Emory Richard Johnson, Sc.0., Philadelphia. 
John Anthony Miller, Ph.D., Swarthmore, Pa. 
Thomas Hunt Morgan, Ph.D, New York. 
William Fogg Osgood, Ph.D., Cambridge, Mass. 
Raymond Pearl, Ph.D., Orono, Me. 
Theobald Smith, M.D., Boston, Mass. 
John Zeleny, Ph.D., Minneapolis, Minn. 


Marning Session—to o'clock, 
Wintiam B. Seorr, Se.D., LLD., Vice-President, in the Chair, 
The following papers were read: 

“Opium in the Bible,” by Paul Haupt, Ph.D., Professor of 
Semitic Languages, Johns Hopkins University, Baltimore. 

“ Divisions of the Pleistocene of Europe and the Periods of the 
Entrance of Human Races,” by Henry Fairfield Osborn, 
Se.D., LL-D., Research Professor of Zoslogy, Columbia Uni-- 
versity, N. ¥, 

“The Occurrence of Alge in Carbonaceous Deposiis,” by 
Charles A. Davis, Ph.D, of U. S. Bureau of Mines, (In- 
troduced by Prof, Marston T, Bogert.) Discussed by Profs. 
Seatt and B. M. Davis. 

“ Additions to the Fauna of the Lower Pliocene Snake Creek 
Beds, Nebraska,” by W. J. Sinclair, Ph.D., Curator of Verte- 
brate Paleontology, Princeton University, (Introduced by 
Prof. W. B. Scott.) Diseussed by Prof. Scott, 


Ie} | MINUTES. x 


“Tertiary Vertebrate Faunas of the North Coalinga Region of 
California,” by John C. Merriam, PhD., Professor of 
Paleontology anil Historical Geology, University of Cali- 
TOTrTmMH,. 

“ The Réle of the Glacial Anticyclone in the Air Circulation of 
the Globe,” by William H. Hobbs, Ph.D., Professor of 
Geology, University of Michigan, 

“Note on the Sun's Temperature,” by Henry Norris Russell, 
PiD., Professor of Astronomy, Princeton University. 

“Radial Velocities in the Orion Nebula,” by Edwin 8, Frost, 
D.Sc,, Director of Yerkes Observatory, Williams Bay, Wis. 
Discussed by Prof. Russell, 

“Some Results from the Observation of Eclipsing. Variables,” 
by Raymond 5S. Dugan, Assistant Professor of Astronomy, 
Princeton University, (Introduced by Prof. M,N. Russell.) 

“The Variable Stars TV, TW, and TX Casstopeix,” by R. J. 
McDiarmid, Fellow, Princeton University. (Introduced by 
Prof. H. N. Rassell.) 

“The Euler-Laplace Theorem on the Rounding Up of the Or- 
hits of the Heavenly Bodies under the Secular Action of a 
Resisting Medium," by T. J. J. See, PLD. U. 5. Naval 
Observatory, Mare Island, Cal. 

“The Work in Atmospheric Electricity aboard the ‘ Carnegie,” 
by L.A. Bauer, Ph.D, D.Sc, Director of the Department 
of Terrestrial Magnetism of the Carnegie hnastitution of 
Washington, and W. F.G. Swann, 1)Se. 

© Tamimz aril Osiris,” by George A. Barton, Ph.D, Prof. of 
Biblical Literature and Semitic Languages, Nryn Mawr Cob 
lege, which was discussed hy Dr, Jastrow. 


re 


Afternoon Session— 7 o'clock, 
Wreatas W. Rees. 0D. LED. President, ta the Chair. 


Dr. John Fillmore Haytord. a newly elected member, aubseriber! 
the Laws atu! was admitted ito the Society. 
A portrait of Dr. Edgar F. Smith, of Mhiladelphia, was pre- 
sented to the Society by Dr. J. 1. Pennimin on behalf of the donor, 


tii MINUTES. . {May 7, 


The following papers. were read: 

“One Dimensional! Gases and the Reflection of Molecules fram 
Solid: Walls.” 

“Recent Progress in the Sindy of the lodime Reeonance Spec- 
tra, with a description of a Long Focus Spectroseope of High 
Power,” by Robert Williams Wood, A.B., LL.D, Profes- 
sor of Experimental Physics, Johns Hopkins University. 
Hiscussed by Dr. Brush, Prof. Noyes and Dr, Webster. 

Symposium on the Earth: Its Figure, Dimensions and the 

Constitution of Its Interior 

“Prom the Astronomical Standpoint,” by Frank Seblesinger, 
Ph.D., Director of Allegheny Observatory, Pittsburgh, 

“Trom the Geological Standpoint,” by T. €. Chamberlin, 
PhD., LL.D. Head of Department of Geology, University 
of Chicago. | | 

"From the Seismological Standpoint,” by Harry Fielding Reid, 
Fh.D., Professor of Dynamical Geology anid Geography, 
Johns Hopkins University, Baltimore. 

“rom the Geophysical Standpoimt,” by John F. Hayford, Di- 
rector of College of Engineering, Northwestern University, 
Evanston, Tl, (Introduced by Prof. Schlesinger.) 

These papers. were discussed by Professors H. F. Rend, Arthur 
G, Webster, E. W. Brown, C. L. Doolittle, Frank Schlesinger and. 
W..H. Hobbs. 

Stated Merting May 7, 101. 


Wiruam W: Keen, MCD., LL AD, President, tn the Chair, 


Letters accepting membership were received from: 
John J. Abel, M.D, Baltimore, Md. 
Edwin. Plimpton Adams, PhD. Princeton, N, Ne 
John Merle Coulter; Ph.D., Chicago, IL 
Whitman Cross, Ph.D., Washington, D. C. 
William J. Gies, M.D. New York Gry. 
Philip: Bovier Hawk, Ph.D., Philadelphia. 
Emory Richard Johnson, 5c.D., Philadelphia. 
John Anthony Miller, PLD., Swarthmore, Pa, 


misl MINUTES. xiii 


Thomas Hunt Morgan, Ph.D., New York. 

Raymond Pearl, PhD, Orono, Me. 

Theobatd Smith, M-D., Boston, Mass. 

An invitation was received from the Johns Hopkins University. 
to be represented at the Inauguration of Frank Johnson Goodnow, 
as President, on May 20, 1915. 

The following: papers were read: 

“ Oi Concentration of Ores,” by Howard W. DuBots; M-E. 
(Introduced: by Dr, Harry F. Keller.) Discussed by Mr. 

“Cottcretions in Streams Formed by the Agency of the Blue- 
Green Alge and Related Piants,” by H. Justin Roddy, M.S. 
(Introduced by the Secertaries.) Discussed by Dr. Harsh- 
berger, Mr. Sanders, and Prof. Keller- 

“The Conditions: of Black Shale Deposition as illustrated 
by the Kupierschiefer and Lias of Germany,” by Charles 
Schuchert. 

Stated Meeting October 1, 1915. 
Wiaasm W. Keex, MoD., LLD.. President, in the Chair. 


Professors Philip B. Hawk, Emory R. Johnson, and  Jobn 
Anthony Miller, newly-elected members, subscribed the Laws and 
were admitted into the Society, 

Letters accepting election to membership were received from 

Prof, Walter S, Adams. 

Prof. John F. Hayford. 

Prof, William F. Osgood. 

Prof. John Zeleny. 

Invitations were received: 

From the Secretary of State to participate in the Second Pan- 
American Scientific Congress to be held under the auspices 
of the Government of the United States, at the city of Wash- 
ington from December 27, 1915, to January 8, 1o16. 

From the Trustees and Faculty of Vassar College, to he repre- 
sented at the celebration of the Fiftieth Anniversary of the 
opening of Vassar College during the week beginning Oh 
tober TO, 1915. 


zit MINUTES. (Dec, 3, 


The decease of the following members was announced 

Mr. Samuel Dickson, at Philadelphia, on May 28, 1975, xt. 78. 

Hon. James T. Mitchell, at Philadelphia, on July 4, 1915, xt. 81. 

Mr. Frederick Prime, at Atlantic City, on July 14, 1915, t. 60. 

Sir James A. H. Murray, at Oxford, England, on July 26, 
1915, wt. 78. 

Prof. Frederick W. Putnam, at Cambridge, Mass, on Angust 
r4, TOTS, tet, 76, 

Mr. John T. Morns, at Bretton Woods, N. H., om August (5, 

-1915,-xt. 67. 
Dr. Austin Flint, at New York, on September 22, 1915, zt. 70. 
The following papers were read: 

"Timber Studies in the Mississippi Bottom Lands,” hy Henry 
C. Cowles, Ph.D... of Chicago, which was discussed by Pro- 
fessors Harshberger am Kraemer. 

“A Practical Rational Alphabet,” by Benjamin Smith Lyman, 
A.B, 

Stated Meeting Noweimber 5, 1015, 
Wittiam W. Keen, M.D., LL.D., President, in the Chair. 
Prot. Ulric Dahlgren read a paper on “ The Prothaction of Heat 
by Animals,” 
Stated Merting December 2, rors. 
Wiiam W. Kees, M.D. LL_D., President, in the Chair. 


‘\n mvitation was received from the American Association for 
the Advancement of Science to send one or more delegutes to its 
meeting to be held at Columbus, Ohio, December 27; 1918, to Jan- 
lary T, 1916, 

Mr. HH. Harjes, in accordance with the expressed direction of 
his father, the late John H. Harjes, of Paris, transmitted to the 
Society Dr. Franktin’s bamboo cane with a horn handle, in the 
upper hollow chamber of which he was accustomed to carry oil 
and from it in his walks he dropped oil ion. the water to watch 
its effect upon wind-beaten pools. 

The decease was announced of William Brooke Rawle, A.B., 
at Philadelphia, on November 30, 1915, wt. 72: 


ora.) MINUTES, zt 


The following papers were read: 
“Some of the Neuro-retinal Interpretations of Increased Vas- 


ctilar and Increased Intracranial Pressure, being a Clinical 
Communication,” by Dr, George EF. deSchweinitz. 

“The Geology of Parahyba and Rio Grande do Norte, Brazil,” 
by Ralph H, Soper, communicated by Prof, John C. Branner, 

“The Geology of Ceara and Piauhy, Brazil,” by H. L. Small, 
communicated by Prof. John C. Branner. 

Dr. W. W. Keen presented the Annual Address of the President. 
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